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INTRODUCTION. 


The three principal islands of the British colony of New 
Zealand, known respectively as the North, South and Stewart 
Islands, are situated in the South Pacific Ocean, between lati- 
tudes 34° and 48°. Considering their relatively small area they 
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present an unusual variety of geological phenomena. In the 
North Island is a district exhibiting over a large area thermal. 
springs, geysers, fumaroles, solfataras, and other evidences of 
expiring vulcanism. In the South Island is the snow-clad chain 
of the Southern Alps, containing extensive snowfields from 
which flow glaciers, in many cases rivaling and even surpassing 
in size those of the better known glacial centers of the Swiss Alps 
and the Caucasus. In addition to these and many other features 
of chiefly scientific interest, the colony contains mineral wealth 
widely distributed and of varied mineralogical character. It is 
the purpose of this paper to give a brief summary of the mineral 
deposits, their distribution and the broader features of their 
occurrence without attempting to consider the details of their 
geological occurrence. 

The North Island is divided into the provincial districts of 
Auckland, Taranaki, Hawkes Bay and Wellington, and the South 
Island into the provincial districts of Nelson, Marlborough, Can- 
terbury, Westland, Otago and Southland. 


DESCRIPTION OF THE CHIEF PHYSIOGRAPHIC FEATURES 
OF NEW ZEALAND. 

Much of the North Island is of broken and rugged topog- 
raphy. It is traversed from northeast to southwest by several 
parallel ranges of mountains of inconsiderable altitude. There 
are, however, several areas of flat land, the most extensive being 
the coastal plain east and south of the splendid volcanic cone of 
Mt. Egmont near the west coast. At the northeastern edge of this 
plain are the lofty volcanic cones of Ruapehu, Tongariro, and 
Ngauruhoe, the latter still faintly active. North of these peaks 
is the broad volcanic zone of Taupo, exhibiting the varied ther- 
mal phenomena already mentioned. At the northern part of the 
North Island are two peninsulas of broken country—the western 
and much the more prominent being the North Auckland Penin- 
sula, and the eastern being the Hauraki Peninsula. 

By far the greater part of the South Island is mountainous. 
The central axis is composed of the Southern Alps, with their 
continuation, the Spencer and St. Arnaud mountains. From 
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this principal axis radiate subsidiary ranges. In addition there 
are several high parallel ranges. The Canterbury Plains, which 
border the coast on the east, form by far the greatest extension 
of flat land in the South Island, but there are minor stretches of 
level country at low altitudes in the west, in the north, and in the 
extreme south of the island. 

Stewart Island, much smaller than either the North or South 
Island, exhibits an area of broken, rugged hills which are in gen- 
eral densely wooded. 


RESUME OF NEW ZEALAND STRATIGRAPHY. 


The oldest rocks in the North Island are stratified Paleozoic 
or very early Mesozoic sediments, which compose the main 
massif of the mountain chains. Overlying these in various local- 
ities are Late Mesozoic and Tertiary sediments. Much of the 
norther and central part of the island is composed of volcanic 
rocks—pboth tufa and lava—of Tertiary and Pleistocene age. 
Apparently the oldest of these volcanics are intermediate in 
basicity, while the next in age are decidedly acid, and the most 
recent, basic. 

The South Island shows a more complete geological section 
than the North Island, and a wider petrographical range of 
igneous rocks. The heart of the Southern Alps, as well as that 
of some of the parallel ranges, shows in places ancient crystal- 
line schists flanked with Paleozoic and Mesozoic strata belonging 
to various periods. Much of the rock underlying the Canter- 
bury Plains and the flat land on the west coast of the island, 
known as the Westland coastal plain, is composed of Tertiary 
strata, which is also prominent in the southern part of the island 
and in the north. A considerable portion of the lower country 
in the South Island is covered by comparatively recent gravels 
of varied origin—fluviatile, marine, and glacial. Relatively only 
a small part of the South Island is composed of igneous rocks, 
though they present a marvellous variety of petrographical forms. 
Banks Peninsula consists entirely of rocks of this origin, and 
they are also prominent near the city of Dunedin, in the granite 
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buttress of the southwestern corner of the island, and in the 
ridges of the same rocks stretching northward from this but- 
tress parallel with the coast. The so-called mineral belt of the 
districts of Nelson and Westland is composed in the main of a 
series of parallel and disjointed sheets of dunite and other mag- 
nesian rocks, which have a very small lateral extension, though 
in longitudinal direction they appear at intervals for nearly two 
hundred miles. 

Stewart Island is composed almost entirely of granites and 
allied plutonics. 


SALIENT FEATURES OF THE ECONOMIC GEOLOGY. 


COAL. 

Distribution of Coal.—Perhaps in no country of the world is 
coal more generally distributed than it is in New Zealand, as it 
occurs in almost every part of the colony—a fact which makes up 
for the narrowness of the coal seams and the inextensivéiiiess of 
the basins in which they lie, as compared with coal deposits in 
other countries. The coal varies considerably in quality, both in 
regard to the amount of ash and the state of carbonation. 

The coals of Kaitangata, Shag Point and Nightcaps, which 
form fairly wide seams in Tertiary rocks in the southeastern 
part of the South Island, are lignites of good quality. The 
seams, which are so widely distributed in the hilly country west 
of the Canterbury Plains, are all lignites, but not generally so 
highly carbonized as are the southern coals. The coals of Grey- 
mouth and Brunnerton in the Westland District, and of West- 
port and Puponga in the Nelson District, are bituminous coals 
of varying degrees of purity. The coals of the North Island, 
which are chiefly in the northern part, near Auckland and Whan- 
garei, are in general intermediate in state of carbonation between 
the bituminous coals and lignites. No extensive seams of true 
anthracite have as yet been found in New Zealand, though there 
is a very small deposit in early Tertiary sediments at Cabbage 
Bay in the Hauraki Peninsula, which owes its high percentage of 
fixed carbon to the metamorphism produced by the extrusion of 
flows of andesite. Some of the lignite seams of Canterbury also 
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are said to be in part altered to anthracite, as a product of con- 
tact metamorphism. 
PETROLEUM. 

In many parts of the colony there is abundant evidence of 
petroleum, though in no locality can it be said to have been 
proven to exist in great quantity. It has been found and ex- 
ploited to some slight degree at Kotuku near Greymouth in 
Westland, near Gisborne in the Auckland District, and more 
especially at New Plymouth in Taranaki, not far from the base 
of the lofty cone of Mt. Egmont. In the last mentioned locality 
the oil seeps out on the surface along the seashore and at a 
few places in the interior, and gas issues at many points along 
natural crevices. Boring operations have been conducted in this 
locality for a number of years, and very recently have appar- 
ently met with success. An oil-bearing stratum has been struck 
at a depth of 2,400 feet, which at present is said by the proprie- 
tors to give a steady flow under high pressure. The oil bearing 
stratum consists of a loosely consolidated marine sand under- 
lying hard argillaceous standstone above which marine sands and 
clays, more or less hardened, extend to the surface. As far as 
is known all the beds are disposed in almost horizontal attitude, 
the lowest being probably of Miocene age, the upper apparently 
Pliocene. 

IRON ORE. 

There are in New Zealand two very interesting deposits of 
iron ore. The most important of these appears at Parapara, in 
the rugged Cape Farewell peninsula lying west of Golden Bay 
in the South Island, while the other is visible on the shores of 
the Tasman Sea, near New Plymouth. 

Geologic Character.—The rocks in which the Parapara ore 
occurs are metamorphic and consist of much corrugated horn- 
blendic and feldspathic schists, sideritic limestones and cherty 
quartzites. These have been tentatively classified as Silurian 
by Mr. Herbert Cox, formerly a geologist on the staff of the New 
Zealand Geological Survey.1 Unconformably above this series 
of Paleozoic rocks lies a considerable thickness of coal bearing 


*Report of the Geological Survey of N. Z.—1882, pp. 44-47. 
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strata—probably early Tertiary—which consist of limestones, 
sandstones, grits and coal seams. Forming a mantle over much 
of the district are thick deposits of glacial gravels and boulder 
clays. These usually contain more or less gold and have afforded 
some rich bonanzas in the past where reassorted by stream action. 

Structurally the iron ore appears to occur in a broad syncline 
composed of banded ferruginous cherts and quartzites. In inti- 
mate connection with the banded cherts are narrow beds of sider- 
itic crystalline limestone, which is often rusty, due to the oxida- 
tion of iron carbonate contained. The ferruginous limestones 
and banded cherts bear a. striking resemblance to similar rocks 
so closely associated with the iron ore bodies of the Lake Supe- 
rior region in America. The soft, rusty and much decomposed 
banded cherts so common in many of the American ranges, may 
occasionally be observed in the mass of the ore body itself. The 
width of the actual ore mass visible on the surface averages not 
less than nine hundred feet, though the iron-bearing horizon is 
much wider. Broken by several gullies filled with glacial débris, 
the ore body outcrops in a northwesterly and southwesterly direc- 
tion for nearly a mile and a half from the Parapara Inlet. Be- 
yond this the iron-bearing horizon is known to extend much 
farther and is said to contain several deposits of high-grade ore. 
Mr. George J. Binns, formerly Inspector of Mines for the New 
Zealand government, estimates that in the large ore body near 
Parapara Inlet there are not less than 51,835,600 long tons of 
iron ore in actual outcrop,’ which could be removed in an open 
quarry. 

The ore is in general a high-grade hydrous hematite, botry- 
oidal, mamillary, and often porous in character. Apparently 
manganese is a constant constituent. Phosphorus and sulphur 
are in general low, though there are small quantities of other 
impurities, principally lime, magnesia, alumina and some silica. 
In places the ore contains rounded quartz pebbles, often in 
sufficient abundance to constitute a highly ferruginous quartz 
conglomerate. This conglomerate is apparently the result of 
glacial action, which was very effective in the past. It represents 


*Report of the Geological Survey of N. Z., 1878-70, pp. 59-64. 





742 JAMES MACKINTOSH BELL 


soft ore, which has been intensely comminuted by the pressure 
of the ice and mixed with its burden of quartz pebbles to be 
subsequently recemented into the conglomerate now observable 
in the outcrops. The conglomeratic portion of the ore is aurif- 
erous, the gold apparently being derived from the same source 
as that in the quartz pebbles. In depth the quartz pebbles are 
lacking. 

Origin.—The origin of this extensive deposit of iron ore is of 
considerable interest. Briefly stated, the ore has resulted from 
the concentration of iron oxide by meteoric waters, in the base 
of a synclinal trough having an impervious basement of schist. 
The waters had their burden of iron derived either directly or 
indirectly from the oxidation, partly of iron carbonate, but more 
especially of the sulphides—pyrite and marcasite. 

New Plymouth Deposits—The deposits of iron ore occurring 
near New Plymouth, in the North Island, are of a very different 
character. They consist of magnetic iron sands, all more or less 
titaniferous, which owe their concentration ’in thick beds along 
the sea shore and inland for a mile or more, to the action of the 
waves or wind. Beds of pure black sand of very fine grain are 
interstratified with beds of feldspathic quartz sand, containing 
considerable titaniferous magnetite, and with others practically 
free from iron. Sometimes the demarcation between the various 
beds is very abrupt and decided, again much more gradual. Con- 
sidered longitudinally the beds of pure black sand lense out and 
are replaced by others in which the iron constituent is lacking or 
unimportant, and again the latter beds may be replaced by pure 
black sand. The black sand is supposed to consist of an intimate 
mixture of magnetite and ilmenite. It occurs very widely dis- 
tributed, and, there can be no doubt, in very large quantities. 
It appears at very frequent intervals along the coast on either 
side of New Plymouth, from the mouth of the Waitara River as 
far south as the mouth of the Patea. 

The black sand has apparently been derived in part from the 
disintegration of hornblende andesites and more basic volcanics 
—all rich in titaniferous magnetite, and in part from tufa, rep- 
resenting the comminuted equivalent of these volcanics. Vol- 
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canics and tufas carrying titaniferous magnetite have a wide dis- 
tribution near New Plymouth around the volcanic cone of 
Egmont. 

COPPER. 

Ores of copper are found in New Zealand at many localities, 
but there are no known deposits of any considerable size. There 
has recently been discovered a mineralized horizon, containing 
native copper, malachite and other ores of copper, near the Kai- 
para harbor, in the North Auckland peninsula. The country is 
but little explored, and the exact nature of the deposit has not yet 
been investigated. 

Perhaps the best known deposits of ores of copper are in a 
heavily mineralized zone stretching from D’Urville Island south- 
ward to the Aniseed River, in the neighborhood of the town of 
Nelson in the South Island. The ore bodies lie in small discon- 
nected and generally parallel lenses disposed along the planes of 
stratification of the enclosing argillites, and occur close to the 
contact between the argillites and extensive sills or bosses of 
dunite. The most common ore is a cupriferous pyrite in which 
the copper content is generally low. On the surface the oxida- 
tion products, malachite, azurite, chrysocolla, cuprite and native 
copper are occasionally encountered, and in one case (the Cham- 
pion mine) are important, giving very rich, though small bodies, 
above the water level. Enriched sulphides are to be seen in some 
of the lower workings of the United mine above the water level, 
though the ore is more or less oxidized on the surface. 


. GOLD. 


In the past most of the gold of New Zealand was derived from 
placer deposits in various parts of the South Island, but more 
especially in the districts of Westland and Otago. The bonanzas 
in general occurred where morainic gravels had been reassorted 
by fluviatile or marine action. The amount of gold derived from 
this source is now much reduced and the supply of the precious 
metal in New Zealand is to a greater extent obtained from quartz 
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reefs! All through the ancient crystalline schists and Paleozoic 
argillites and grauwackes, which form such an important part 
of the strata of the South Island, quartz veins are common. 
Generally these are disposed parallel to the stratification, but are 
sometimes in fissures transverse to the bedding planes. Although 
quartz veins of this class are almost innumerable, many of 
them contain gold only in, traces, and comparatively few yield 
it in payable quantities. The veins are in rocks which exhibit 
physiographically mature and submature forms, and in conse- 
quence are in general merely the remnant of former veins; the 
upper and probably richer part having been removed in the 
extensive and varied denudation—sub-aerial and glacial—which 
the country has undergone. 

At present much the most important center of quartz mining 
in the South Island is at Reefton, where a number of mines are 
now working—the Globe, the Progress, the Wealth of Nations, 
the Keep-it-Dark, etc. The ore filling the veins consists chiefly 
of quartz. This contains a great deal of pyrites, rarely chalco- 
pyrite and arsenopyrite, and often stibnite. In all of the mines 
the values are very irregularly distributed in the quartz gangue, 
even near the surface, where the yield is usually higher than from 
the lower levels. Often not only may the ore-shoots termi- 
nate within the quartz mass in the direction both of the strike 
and dip of the vein, but the quartz gangue frequently itself lenses 
out and is replaced by comminuted gouge, to reappear either 
barren or with shoots of rich ore in the continuation of the line 
of reef. This occurrence of the quartz in patches is one of the 
most characteristic features of the veins at Reefton. The high- 
est values are almost always along slaty selvages, which are 
frequently rusty, and where the quartz is of the character known 
as “magpie stone” by the miners. “ Magpie stone” is simply 
quartz enclosing numerous small angular fragments of argillite 
or grauwacke, which are the prevailing country rocks of the 
district. 


*During the year ending December 31, 1904, the gold export from New 
Zealand was valued at £1,987,501. Of this amount approximately 48 per cent. 
was the product of dredging, hydraulic sluicing, etc. In 1905 this percentage 
was much reduced. 
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There is a small reefing area near the head of the Wilberforce 
and Arahura rivers, known as the Westland Reefs district, in 
which a number of promising auriferous quartz veins have re- 
cently been discovered, but which has been as yet very little pros- 
pected. Quartz mining is carried on at Taitapu in the Cape 
Farewell peninsula, in reefs very much like those at Reefton. 
Quartz veins are also being worked at Skippers, Arrowtown, 
Barewood and various other places in Central Otago, though 
none is of important proportions. 

The occurrence of the mineral scheelite in many of the quartz 
veins in Otago is interesting. The quartz with which it is asso- 
ciated is nearly always somewhat auriferous and in places pay- 
ably so. The scheelite sometimes appears in a decided band 
running through the quartz, or again intimately intermixed, with 
the appearance of a pegmatite. At Barewood, Glenorchy, and 
Macrae’s, near Palmerston South, the mineral is found in suffi- 
cient quantity to pay for working. 

Much more prominent than any of the centers of quartz min- 
ing in the South Island and of widely different character are 
the goldfields of the Hauraki Peninsula of the North Island, 
which contain the mining centers of Coromandel, Thames, 
Karangahake and Waihi, in addition to many less prominent 
mining localities. The output of gold from Coromandel is now 
comparatively small. At Thames the Waiotahi mine is at pres- 
ent yielding bullion to the value of £18,000 to £20,000 per month, 
but there is no other mine of importance. The site of the Waihi 
mine, one of the greatest gold mines of the world, is a center of 
immense economic importance as well as of scientific interest. 
At Karangahake is situated the Talisman mine, which is now 
the third gold producer in the colony. 

The oldest rocks of the Hauraki goldfield apparently consist 
of unfossiliferous argillites and grauwackes, which are probably 
very late Paleozoic or early Mesozoic. Unconformably above 
these are late Cretaceous rocks. containing unimportant coal 
seams, which occur as widely separated, isolated remnants in the 
northern part of the Hauraki Peninsula. On the denuded sur- 
face of these sedimentaries have been disposed thick and widely 
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distributed volcanic deposits, flows, breccias and tuffs of andesitic 
character, above which are others of rhyolitic character. By 
far the most important veins of the Hauraki Peninsula are in the 
andesitic flows or in the fine-grained andesitic tuffs. Veins 
occurring in the coarse andesitic agglomerates and tuffs rarely 
carry much gold, while those appearing in the rhyolites are decid- 
edly unimportant as compared with those in the andesites. A 
few relatively unimportant veins are found in the older sedimen- 
tary rocks. The andesites are often tremendously altered, espe- 
cially near the veins. In fact the rock in places has been changed 
to a mass of chlorite, epidote, sericite, calcite, quartz and pyrite, 
giving the so-called propylite. There were evidently at least 
two periods of vein deposition, much the more important appar- 
ently being the result of the andesite extrusion, while the second 
period of vein formation succeeded the outpouring of the rhyo- 
lites. Sinter deposits widely distributed throughout the Hauraki 
Peninsula testify to the enormous extent of hydrothermal activ- 
ity in the past, and a few scattered hot springs show that it has 
not yet ceased. The veins are apparently mainly deposits by hot 
siliceous solutions, carrying a great deal of hydrogen-sulphide in 
preéxisting fissures, greatly enlarged by replacement of the wall 
rock. 

Of the payable veins of the Hauraki goldfields there are two 
more or less distinct types: those which occur in decided and 
definite veins, in which the payable ore is contained chiefly in a 
well-demarcated ore shoot with considerable horizontal continua- 
tion and with longitudinal extension from level to level, and those 
in which not only is the quartz of very irregular width, but the 
values are almost entirely in small disjointed patches, often of 
the enormous richness of “ jewelery shop” ores. Of the former 
class much the most conspicuous example is given by the more or 
less connected feefs worked in the Waihi mine at Waihi, though 
the Union, Amaranth and Silverton veins at the same place, and 
the Talisman vein at Karangahake are of the same class. Of 
the “jewelery shop” class of veins, the reef systems of the 
Hauraki, Kapanga, Royal Oak and Tokatea mines at Coroman- 
del, and the reef systems of the Kurunui, Caledonian, Moana- 
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taiari and Waiotahi mines at Thames are good examples. Of 
these the only one now giving heavy returns is the Waiotahi. A 
bonanza of great richness was discovered recently in connection 
with this mine, which has in consequence given a heavy output 
for the past year.1. The bonanzas of free gold in the veins of 
the Waiotahi type are apparently always at points where the 
vein is heavily mineralized with pyrite, with which is sometimes 
associated sphalerite, stibnite, and chalcopyrite, and occasionally 
native arsenic. The bonanzas frequently have an intimate con- 
nection with the faulting of the vein. The faults, formed sub- 
sequent to the original period of vein deposition, may have deter- 
mined the position of the bonanzas formed during a period of 
secondary enrichment of the vein, either by acting as barriers to 
migrating auriferous solutions, or by forming channels along 
which solutions came, reacting with those in the original vein 
channel. 

The great Waihi mine, which is now working on the complex 
system of branching reefs—the Martha, Welcome, Empire, Royal 
and several smaller veins—had an output during the year ended 
December 31, 1905, of £712,066 sterling. This year its output 
will be even greater. The four weeks ending June 16, 1906, 
gave the record return of £62,470 sterling. Those reefs of the 
Waihi mine system, which approach the surface, show an oxi- 
dized capping of moderate though not of bonanza richness, 
which gradually is replaced in depth by sulphide ores. The gold 
is very rarely visible to the unaided eye, though a considerable 
portion exists as free gold. One of the most characteristic fea- 
tures of the reefs of the Waihi mine system is the continuity of 
the “pay ore,’ both in horizontal and vertical extension. If 
there was any enrichment of these veins subsequent to the orig- 
inal deposition of the quartz, which seems very likely, it was 
probably by secondary solutions ascending along the reef chan- 
nels, excepting near the surface, where descending solutions gave 
a limited concentration. Some of the veins of the Waihi reef 
system are of immense size—the Martha reaches a width of 





*For the year ended June 30, 1906, the output was approximately £160,000 
sterling. 
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sixty feet on the surface, and at the levels at present being opened 
at about eight hundred feet beneath the surface, it is, where 
widest, over twice that width. It is interesting to note that in 
general the veins of the Hauraki Peninsula show a diminution in 
the amount of gold in the electrum in passing from the northern 
to the southern portion of the field.’ 

Very interesting evidence on the origin of gold and silver in 
quartz veins is given by certain hot springs in the center of exist- 
ing hydrothermal activity in New Zealand—the Taupo volcanic 
zone. Sinter taken by the writer from the rim of a very ebul- 
lient spring at the Maori settlement of Whakarewarewa, was 
found to contain on analysis, silver to the amount of 4 ozs. 0 
dwts. 18 grs. per ton, and gold to the amount of 1 dwt. 4 grs. 
per ton. The sinter analyzed was stained with sulphur, but 
showed no visible evidence of any sulphides. Analysis made 
from the sinter deposited in a wooden trough used to conduct 
water from the same spring at Whakarewarewa, gave the fol- 
lowing result in the precious metals : 


ASN se 5 sibicjne o dwts. 12 grs. per ton. 
DUVED aiasckswokS, oF ae pete 


The great geyser of Waimangu, which broke into action some 
years after the terrible Tarawera eruption of 1866 and remained 
active until November, 1904, deposited a blackish material, con- 
sisting chiefly of sulphides, but containing neither gold nor silver. 
Some mud obtained by Dr. Wohlmann, the government balneolo- 
gist, from a hot spring in the sanatorium grounds at Rotorua, 
gave the following somewhat remarkable analysis: 


BUICA 53S aecd bs Oey MOS SRE Eee eNOS Kies S48 69.30 


*For further particulars about the Waihi mine see the following papers: 
(1) “Notes on the Geology, Quartz Reefs, and Minerals of the Waihi Gold- 
field,” by P. G. Morgan, in the Transactions of the Australasian Institute of 
Mining Engineers, Vol. VIII, Part II. (2) “The Hauraki Goldfields, New 
Zealand,” by Waldemar Lindgren, in the Engineering and Mining Journal of 
New York, February 2, 1905. (3) “The Hauraki Goldfields,” by P. G. Mor- 
gan, in the same journal, circa, May 4, 1905. 

* All analyses given in this paper are by Dr. J. S. Maclaurin, Colonial 
Analyst. 
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Microscopic examination of the deposit showed that it consisted 
mainly of quartz and amorphous silica with a little feldspar. 
The mud also contained 5 grs. of gold and 6 dwts. I grain of 
silver per ton. It is evidently not a deposit from the spring, 
but is merely a siliceous tufa impregnated by the thermal solu- 
tions. 


PLATINUM. 


Platinum has been found at many points in the South Island, 
in the alluvial drifts, but never in sufficient quantities to be 
of any economic value, excepting where saved with gold. 
Platinum has been reported from the Queen of Beauty quartz 
reef at Thames, and also from an occurrence of massive pyrites 
at Coromandel. During the past season a number of plati- 
niferous quartz veins were discovered by the writer near the 
Teremakau River in the district of Westland in the South Island, 
in close proximity to sheets of altered magnesian eruptives—ap- 
parently originally dunite and situated parallel to the stratifica- 
tion of the enclosing phyllites. The quartz is somewhat vitreous, 
and in general very “hungry” in appearance. Iron pyrite is 
fairly common, and iron oxides derived from its alteration. In 
three analyses made of the platiniferous quartz, the platinum was 
found to occur associated with silver and always in the approxi- 
mate ratio of seven parts of silver to one of platinum. The fol- 
lowing is a characteristic result, showing the amount of platinum 
and silver: 





Platinum i030. O ozs. 3 dwts. 8 grs. per ton. 
SSUVEL vonie's cai ns I oz. 4 dwts. 9 ers. per ton. 
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It seems possible that the platinum and silver may exist in some 
mineralogical combination, though no data were obtained to sub- 
stantiate this hypothesis. 

An interesting product of metamorphism of the magnesian 
eruptives, near which the platinum veins just described occur, is 
the mineral nephrite—the much valued Pounamu and Tangiwai 
of the Maoris and the precious “greenstone” of commerce. 
This mineral, which is apparently a massive actinolite or allied 
amphibole, occurs as segregations from a few inches to several 
feet in width in a talcose matrix—also a product of alteration 
of the magnesian eruptives. Many analyses made of the mag- 
nesian eruptives failed to show any platinum actually existing 
in them. 

TIN. 

Cassiterite has been found in the form of “stream tin” in 
some of the streams amid the rugged hills of Stewart Island, 
and has been reported to occur actually “in situ” in granite. 

Orés of antimony, lead, zinc, and several other metals have 
been discovered in New Zealand, but scarcely in sufficient quan- 
tity to deserve especial mention in this paper. 

Much of the wild, mountainous country of the South Island 
and of the thickly wooded central and northern parts of the 
North Island are still unexplored, and vast mineral wealth may 
yet be discovered in these areas of “terra incognita.” 
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THE MICROSCOPIC EXAMINATION OF OPAQUE 
MINERALS. 


WILtrAM CAMPBELL. 


INTRODUCTION. 

In the year 1863 Dr. Sorby, after examining rock sections 
under the microscope by transmitted light, took up the study of 
meteorites’ and of artificial irons.2_ Fifteen years later Martens’ 
paper on the microscopical examination of iron® appeared and 
was followed after an interval of several years by papers from 
Bayles,* Dolliak,> Garrison,® Osmond and Werth’ and Wedding.® 
From this beginning the microscopic examination of metals and 
alloys has made rapid advancement and is now a well-known 
method of research under the title of ‘‘ metallography.” 

For the past two or three years the methods used in metal- 
lography have been applied to opaque minerals and the results 
obtained have been so successful that it seems fitting to set forth 
certain details in the hope that they may prove of value to others 
interested in the subject. This is especially true inasmuch as 
investigations of this kind will serve to render intelligible many 
of the relations between the minerals of ore deposits which have 
heretofore been obscure. 

The microscopic examination of polished surfaces of opaque 
minerals falls under two heads. The first is the examination of 
single minerals to determine their microstructure, inclusions of 
other substances, method of decomposition, etc., and is especially 

*Proc. Royal Society, XIII., 333; British Association Report, 1865, I., 130. 

* British Association Report, 1864, II., 180, see also Journal Iron and Steel 
Institute, 1886, 140; 1887, I., 255. 

* Zeits. des Ver. Deuts. Eng., XXI., 11, 205, 481; XXIV., 307. 

a. Ac ds M. Z.; S4,,' 267. 

* Mittheil. iiber Gegenstande des Artillerie und Geniewesens, 1883, 9, p. 467. 

°T. A. I, Mo Eo earv., 64. 


"Comptes rendus de l’Acad. des Sciences, Vol. C., p. 450. 
* Journal Iron and Steel Institute, 1885, 87. 
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useful in determining whether certain minerals of more or less 
complex formulz owe this complexity to a mechanical mixture 
or not. The second heading embraces the examination of ore 
bodies and determines the relative ages of the various constit- 
uents and of any changes, mechanical or chemical, which have 
taken place. Thus with opaque minerals we obtain the same 
results as are obtained in petrology by means of thin sections of 
transparent minerals. 


PREPARATION OF SPECIMENS. 


It is of great importance to start with a specimen of conve- 
nient size which can vary within certain limits, depending on the 
type of microscope used. A specimen one and one-half inches in 
diameter and one-half inch thick is of the dimensions most suit- 
able for the work, and if the sample to be examined cannot be 
reduced to this size, it is better to make two specimens of it, 
because two small specimens are more readily polished than one 
large one. 

In dealing with a hard, brittle substance, as a rule, it is easy to 
break off a chip about one-half inch thick and dress it down to 
about one and one-half inches in diameter. For a soft, less brit- 
tle substance a small hacksaw can often be used, as in the case 
of the native metals. When the material to be examined is very 
brittle and tends to fall to pieces during polishing, it is necessary 
to supply a firm background for support. For this purpose we 
can use certain waxes and cements, but they must be of such a 
nature that they do not soften under the influence of the slight 
heat produced in polishing. 

It must be remembered that we can strain minerals and native 
metals just as we strain metals and alloys; and where this strain 
has been severe the final structure will be more or less modified. 
In the examination of native copper, silver, bismuth, etc., there 
are usually found in the finished specimen, no matter how care- 
fully it be polished, numerous slip-lines, slip-bands, or what 
appears to be multiple twinning. This results from the more or 
less severe straining which these metals undergo in the process 
of mining. 
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In the case of the harder minerals, however, the strains pro- 
duced in mining leave little effect except in the near vicinity 
of the cause which has produced the strain, and the occurrence of 
slip-bands and slip-lines usually denotes great strains and move- 
ments in the ore body itself. This may be frequently observed 
in specimens of galena, magnetite, chalcopyrite, pyrrhotite, etc. 

When the original specimen is too small to handle with ease, 
a block or base must be made. Fusible metal is often convenient, 
or a hole can be drilled in a piece of steel and the specimen firmly 
imbedded therein; the steel and specimen are then polished as a 
whole. 

GRINDING AND POLISHING. 

In grinding and polishing the main object is to produce a per- 
fectly flat surface with a good polish, as free from scratches as 
possible. When a lap-wheel is at hand, a flat surface can be 
made by grinding as in the process of making rock-sections. 
The specimen is then rubbed on a ground-glass plate covered 
with well moistened emery-powder (No. 100), and the rubbing 
is continued until all of the deep pits have been worked out. 
Carborundum powder seems to give quicker results than emery 
in many cases. 

Where a lap-wheel cannot be had, an emery-wheel or even a 
grindstone may be substituted. In fact, in the case of native 
metals these are preferable and are followed by a dead-smooth 
file. 

‘For very hard substances like pyrite it is best to continue the 
treatment on the glass plate, using Carborundum powders, No. 
3 F. and 4 min. For softer substances, like galena, chalcocite, 
etc., it is best to take the specimen down on No. 00 emery paper 
which has previously been rubbed with a piece of hard steel to 
remove the coarsest particles. Where the material is very soft, 
care must be taken not to distort or strain the surface during 
the process of grinding. In many cases this can only be over- 
come by finishing on'a very fine-grained water-of-Ayr stone with 
water. Whichever method is used, the final result ought to be 
a flat surface, free from pits and containing nothing but fine 
scratches, such as can be taken out in the next stage of the 
process. 
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This consists in rubbing the specimen on French emery pa- 
pers (Hubert) Nos. 0, 00, 000, and oo00. These may be pro- 
cured in sheets 1334 inches X 9g inches, and can be cut up into 
three long or four cross strips and mounted on flat, smooth 
boards 4X 14” or 4X 10” with thumb-tacks. Starting with 
paper No. 0, the specimen is rubbed backwards and forwards in 
one direction until all the scratches due to the previous treatment 
have disappeared, when it is ready for the next board. On pass- 
ing from one paper to another the specimen is turned through an 
angle of 90°, so that the new scratches are at 90° to those made 
by the previous paper. Rubbing is continued until all the 
scratches of the previous paper have been obliterated. It is of 
great importance to keep all polishing boards free from grit. 
This is difficult at first, but with a little practice the sound pro- 
duced in grinding renders the presence of any foreign substance 
readily perceptible. 

The final polish is obtained by rubbing the specimen on a piece 
of ribless broadcloth or baize stretched tight on a hardwood 
block and covered with water and well-washed rouge. Some 
may prefer to use blocks with diamontine powder or tripoli 
between the last emery-paper and the rouge, but in most cases 
they are not needed. 

It is always necessary to wash the rouge, tripoli or diamontine 
powder free from all grit or coarse particles. For rough work 
the rouge can be shaken up in a large bottle (90 oz.) using one 
volume of rouge to about ten of water, till thoroughly mixed. 
After allowing to stand for a few minutes, a siphon with a hook 
at the end is introduced and the liquid all run off but the last two 
inches, which contain all the coarsest particles. By repetition we 
can produce rouge of any fineness we desire, which for conve- 
nience can be kept in an ordinary wash-bottle. 

For the very finest work it is often necessary to classify the 
polishing (and emery) powders, which can be done by a method 
similar to that used by Schloesing for the analysis of kaolins.1 
The formation of lumps of coarse and fine particles in the process 


*Le Chatelier, Metallographist, 1901. 
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of levigation is due to the presence of carbonate of lime in tap- 
water. Schloesing therefore washes the powders to be classified 
with water containing 0.1 per cent. nitric acid, which dissolves 
the carbonate of lime derived either from the water or from the 
powder treated. After the mixture has settled, the clear water 
is run off and replaced by distilled water. After stirring well 
and once more settling this is repeated until all the acid has been 
removed. To help the suspension of the finest particles a little 
ammonia is now added. The liquid is drawn off at the follow- 
ing intervals: fifteen minutes, leaving all the coarse grains un- 
suitable for polishing; one hour, a powder for the first step in the 
polishing; four hours, a powder for polishing material like iron; 
and so forth. The addition of a little acetic acid precipitates the 
last deposit in a few hours. The powders are best mixed with 
soap in the form of a paste. 

Rouge from calcining iron oxalate, alumina from calcining 
ammoniacal alum, chromium oxide from the combustion of am- 
monium bichromate and commercial flour-emery can all be used 
after such a classification. The Carborundum Co. supply classi- 
fied powders. 

A motor-driven polishing wheel greatly reduces the labor of 
polishing, but requires more care than the hand method. Stead 
has designed an excellent little machine for this purpose. 
Sauveur’s machine,” consisting of four discs revolving in a ver- 
tical plane, is designed for metallographic purposes, but can be 
used for minerals as well. The outer disc is an emery-wheel 
whilst at its back is a disc covered by canvas and armed with fine 
emery-powder. ‘The second pair are usually covered with broad- 
cloth and saturated with moist tripoli and rouge. respectively. 
It is a simple matter to set up a vertical spindle with a cast-iron 
plate six to eight inches in diameter, upon which broadcloth or 
baize can be stretched. To keep the wheel free from dust, it is 
best to cover it with a box having a glass top and a hole at the 
side for the arm. 

*“ Notes on Metallography,” School of Mines Quarterly, 3, XXV.; “ Prac- 


tical Metallography,” Cleveland Inst. Engineers, February 26, 1900. 
* Metallographist, IV., 1901, 275. 
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Whether we polish by hand or wheel, the specimen is finished 
when the scratches from the last emery-paper disappear, as it 
is usually a waste of time to try and work out any deeper ones. 
During polishing it is necessary to keep the specimen turning 
round continually, otherwise pits are liable to form, due to 
uneven polishing. When the polishing is complete, the specimen 
is washed free from rouge, and carefully dried, which is best 
done by rubbing on a small block (4” X 2’) covered with very 
fine chamois skin, or else by immersing in alcohol and mopping 
(not rubbing) with a fine clean rag. 

In practice the process of polishing, grinding, etc., can be made 
much shorter than the above description indicates, but in this no 
general rule can be given for the personal equation has to be 
considered, as well as the material on which the work is per- 
formed. 

DEVELOPMENT OF STRUCTURE. 


Having obtained a more or less perfectly polished surface, the 
specimen is mounted and examined. As a rule, we can distin- 
guish the different constituents by their color, habit, hardness, 
etc. It may, however, be necessary to apply further treatment 
to develop the structure or distinguish between two or more con- 
stituents. This usually takes the form of etching with various 
reagents and in the preliminary work can be followed with a 
strong lens or even under the microscope. 

Using 1.42 nitric acid, solutions of 1 acid: 2 water and 2 acid: 
I water prove useful in developing the structure of certain copper 
minerals like chalcocite, bornite, ete. Similar strengths of hydro- 
chloric acid can be made up, and the solutions can be used both 
hot and cold. In the event of the above proving unsatisfactory, 
solutions of potassium cyanide, the chlorides of copper, tin or 
iron, sodium thiosulphate, the alkaline sulphides, etc., can be 
tried. Lastly, the use of the electric current in etching may be 
mentioned because of the ease of regulation. 


After etching, the specimen is thoroughly washed under the 
tap, is immersed in alcohol and dried by pressing with a soft, 
clean rag. The specimen must not be rubbed in drying, and if 
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any deposit is formed during etching it can usually be removed 
by gently rubbing with the tip of the finger whilst under the tap. 
It may happen that the deposit formed veils the structure. If it 
cannot be dissolved by some other reagent a method of polish- 
attack can be tried. This consists in adding some of the etching 
solution to a polishing board and rubbing with just enough pres- 
sure to remove any deposit as formed. 


MOUNTING. 


When the top and bottom of the specimen are parallel it may 
be fixed on a glass slide by Canada balsam. This, however, is 
the exception. For temporary mounts, several methods give 
satisfaction. Sauveur makes a small brass mount in which the 
specimen is held in place (with the polished surface in a plane 
parallel to the stage of the microscope) by an elastic band (see 
Fig. 57). For small specimens of steel Stead cements a short 
length of brass tube to a piece of glass. The tube is nearly filled 
with sand and placed on the stage. The specimen is placed face 
upwards on the sand and is pressed down by a glass slide until 
the latter rests on the brass tube. 

The most convenient mountant is modelling wax. To obtain 
a perfectly level surface, the specimen is laid face down on a 
clean sheet of glass, a short brass cylinder is placed over it—the 
cylinder being turned down true and of such a height that the 
specimen does not project above it. Some wax is stuck on a 
glass slide, which is pressed down on the section until it rests on 
the brass ring. These rings can be turned down on a lathe from 
two-inch tubing—five are usually enough, viz., one-fourth, one- 
half, three-fourths, one, and one and one-fourth inches high. 
Instead of brass rings, two equal piles of glass slides can be used, 
the spesimen being laid between them. 

If a permanent mount is required, a wax composed of resin, 
beeswax, red ochre and plaster of Paris is very satisfactory. It 
remains plastic, when warmed, quite long enough for levelling 
and then sets firm and hard. 

Many specimens tarnish, but by covering them with a film of 
zapon they are preserved and can still be examined even under 
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high powers. If a cover-glass with Canada balsam is used, the 
reflected light from the surface of the glass blurs the image with 
low powers and vertical illumination. 


MICROSCOPE AND ACCESSORIES. 


The ordinary form of petrographical microscope with a fair 
working distance between the objective and stage is all that is 
required. Any good type of microscope, however, can be used. 
A firm, solid stand gives rigidity, especially for high-power 
work, and while a revolving stage is an advantage for oblique 
illumination, it is not essential. 

In this work the illumination must come from above and there- 
fore reflectors must be.used. With objectives of one inch and 
more, the Sorby-Beck reflector is used and by it we obtain oblique 
and vertical illumination. It slides over the objective by means 
of a collar and consists of the parabolic reflector of Beck and of 
Sorby’s reflector, a small mirror set at 45° to the axis of the 
microscope and attached so that it can be turned out of use by 
means of a milled head. 

For oblique illumination the Sorby mirror is turned out of the 
field and leaves the Beck parabolic reflector in use. Its working 
is shown diagrammatically in Fig. 53, where the horizontal rays 
of light L strike the parabolic reflector B, are thrown down onto 
the specimen Q at all angles but the vertical, and hence if the 
specimen be perfectly smooth it will appear quite dark, for no 
light will be reflected into the objective O. Oblique illumina- 
tion is used to show up the structures of surfaces after etching or 
polishing in relief. 

For vertical illumination, the Sorby mirror is turned back into 
the axis of the microscope and is so fixed that it rests in position 
when it covers one-half of the lower lens of the objective. In 
Fig. 54 the horizontal rays of light L strike the mirror S set at 
45°, and are reflected vertically downwards onto the object Q, 
and are again reflected vertically upwards into the objective O 
towards the eye-piece at E. Hence a perfectly flat specimen will 
appear bright whilst a broken up structure will produce more or 
less shade. 
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For higher powers than one inch the Beck illuminator gives 
very excellent results. It fits between the objective and the nose 
of the microscope. It consists of a short brass tube in which is 
fixed on a pivot a small, thin disc of glass which can be set at 
any angle by means of a milled head, shown in Fig. 57. The 
glass disc is adjusted to 45° with the axis of the microscope. 
The beam of light L, Fig. 55, enters through the circular hole in 
the side of the reflector, strikes the disc G at 45°, is reflected 
vertically downwards through the objective O onto the specimen 
Q and back again towards the eye-piece at E. As in the case 
of the Sorby mirror, all flat parts of the specimen appear bright, 


————— 











2 





Fic. 53. Fic. 54. Fic. 55. 


whilst rough ones have more or less shade. In other words, we 
have vertical illumination. 

The Zeiss prism can also be used for vertical illumination and is 
shown in Fig. 56. The beam of light p enters through the open- 
ing im the side of the reflector R (which, like the Beck, is screwed 
between the nose of the microscope and the objective) and is 
reflected down by the prism through the objective onto the speci- 
men as before. Nachet also makes this form of reflector. 
With reflected light the multiple nose-piece does not work well 
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because the reflectors are in the way. The Zeiss object glass 
changer is very convenient, however, for quick work. 

Several microscopes have been designed solely for metallo- 
graphic work. That of the Boston Testing Laboratories, manu- 
factured by Bausch and Lomb, is shown in Fig. 57. The main 
advantage possessed by this microscope is the raising and lower- 
ing of the stage by rack and pinion motion. Having once 
adjusted the illuminating apparatus, lamp, condensers, etc., so 
that the beam of light is centered on the aperture of the vertical 
illuminator, their position need not be altered, for all adjustments 





Fic. 56. Zeiss prism for obtaining vertical illumination of opaque minerals. 


Fic. 57. Bausch and Lomb metallographic microscope. 
. 


for change of specimens or objectives are made by the motion 
of the stage. The microscope is usually used in the vertical 
position. 

The Martens’ stand, shown in Fig. 58, manufactured by Zeiss, 
is made to use in the horizontal position. Although the tube is 
provided with a coarse adjustment 7’ by rack and pinion, this 
is only used for transmitted light or for adjusting the tube to 
the illumination. Focusing is performed by moving the stage 
by rack and pinion 7” and the fine adjustment WM. The stage 
can be clamped in any position by the arm H. When the camera 
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is used, the fine adjustment is worked by the rod St through the 
joint Tr and the thread on S which engages in the teeth on the 
circumference of the head M. The mirrors Sp are attached to 
the bar S/ for low powers, whilst for high power work the Zeiss 
prism is used. As before the optical bench attachments are set 
up and adjusted once for all and all subsequent movement takes 
place in the stage and not in the tube of the microscope. 

By using a microscope in the horizontal position a much longer 
camera can be used than when working in the vertical. 





Fic. 58. Martens’ Stand. 


The Le Chatelier microscope!, manufactured by Pellin, Paris, 
consists of a horizontal eye-piece tube fitted to a firm tripod sup- 
port, in the body of which are fixed prisms so that the objective 
points upwards. Fig. 59 is a diagrammatic sketch of a vertical 
section of the older form. The specimen to be examined, O, 
rests on a support or stage S which stands on a screw-collar 
whose fine adjustment gives sharp focusing. The face of the 
specimen points downwards to the objective A, and hence the 
specimen can be.of any shape provided it has one polished sur- 
face. The size of the specimen can also vary within wide limits. 
The illuminating beam of light L, passing through the tube of 


* Revue Générale des Sciences, January 30, 1897. 
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the microscope, strikes the illuminating prism P, is reflected 
through the objective A upon the specimen O, and then passes 
back through the objective A to the prism P’, which totally 
deflects it along the eye-piece tube to the eye-piece at L’. The 
face of the illuminating prism P is really composed of two planes, 
one of them making an angle of 2214° with the horizontal, the 
other a similar angle with the vertical, thus deflecting the hori- 
zontal beam of light L into the vertical. To photograph a speci- 
men, a short camera is screwed on the body of the microscope 
directly below the objective and prisms. For direct observation 


























Fic. 59. Diagrammatic vertical section of older form of Le Chatelier 
microscope. 


the reflecting prism P’ covers the objective, but for photography 
it is drawn out of action and the image is thrown upon the photo- 
graphic plate at J. 

In its latest form this microscope has been fitted with a rack 
and pinion adjustment for focusing, which is shown in Fig. 60. 
The stage has three motions by the screws a, b and c. For 
focusing, the coarse adjustment is worked by B and the fine by 
R, fitted with the flexible rod S for use in photographing. The 
tripod is fitted with levelling screws. The lower prism is now 
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fixed on a pivot and the eye-piece tube lies at go° to the illumi- 
nating tube, whilst the camera has the old position of the eye- 
piece and can be represented by L’ in Fig. 59. Thus after exam- 
ining the specimen through the eye-piece the lower prism is 
turned through go° and light is reflected into the camera, L’, 
Fig. 59, and the image appears on the ground glass. This method, 
however, gives a very small image, and so the full equipment has 
an attachment whereby a Zeiss compensating eye-piece is fixed 





Fic. 60. Latest form of Le Chatelier microscope. 


at the position of the ground glass of the small camera tube. 
To this is joined a camera fifty cm. or one m. long, which yields 
photographs 3% X 4% inches and larger. 

For rapid examination the Le Chatelier is to be recommended 
because the specimens require no mounting, and are always in 
focus. 
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ILLUMINATION. 

For examination of specimens a Welsbach gas burner with 
bull’s-eye condenser is very satisfactory up to about 500 dia’s. 
Acetylene gas burners have also been used. For higher power 
work (and for photography above 250 dia’s) an arc light becomes 
necessary. The arc lamp illuminating apparatus manufactured 
by Bausch and Lomb is excellent in every way. The Boston 
Testing Laboratories have improved it for metallographic pur- 
poses and their form is shown in Fig. 61. The lamp has a go° 
arc with adjustments in three planes and works exceedingly well. 

















Fic. 61. Bausch and Lomb are lamp illuminating apparatus as improved 
by the Boston Testing Laboratories. 


The figure shows the condensing system and cooling cells, and, 
at the other end of the bench, is fitted an automatic shutter, iris 
diaphragm and colored screen holder. 

Pellin has equipped an optical bench (for use with the Le 
Chatelier microscope), which consists of a strong cast-iron body 
with supports for camera, microscope, diaphragms, cells, conden- 
ser and Nernst lamp. 


There are several forms of arc lights for illuminating purposes 
in microscopic work on the market. The go° arc is by far the 
best because the beam of light remains constant in position, and 
does not move as the carvons burn down. An automatic feed is 
an advantage. 
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PHOTOGRAPHY. 

The method of taking photographs is the same as that used 
for rock-sections. The microscope takes the place of the camera 
lens and any well-made camera can be used, provided it is firm 
and rigid. A sharp focus is obtained by means of a small watch- 
maker’s lens. To obtain a sharper definition, a piece of thin 
glass is cemented to the center of the ground glass with Canada 
balsam, or, better still, five cover glasses are used, one in the 
center and one in each corner of the ground glass. 

There are two methods of using the camera, viz., in the hori- 
zontal and in the vertical positions. With the Martens’ stand 
and the Le Chatelier microscope the horizontal position is used, 
and in the former the specimen must be firmly attached to the 
glass slide and fixed on the stage. The camera can be of con- 
siderable length and the magnification proportionately increased. 

When a vertical camera is used much less room is needed. Fig. 
61 shows the 4 X 5 camera made by Bausch and Lomb, which 
consists of two rigid steel bars attached to a cross-piece which 
is hinged to a heavy metal base. The camera slides on the two 
metal bars and can be clamped in any position. One bar is grad- 
uated and by this means after calibration the magnification can 
be approximately determined. This instrument can also be used 
in the horizontal position if necessary. Photographs can be 
taken with or without the eye-piece. If the eye-piece is not used, 
the plates are often fogged by light reflected from the sides of 
the microscope tube. This can be overcome by using a cylinder 
of unglazed black paper or black cloth inside the tube. For 
high power work, projection eye-pieces will be found to give the 
best results. 

As regards plates, for low magnification, the Eastman or 
Ilford ordinary give sharp images and enough contrast. With 
a magnification of say 80 diameters, vertical illumination with 
Welsbach gas burner, specimens like a mixture of pyrite and 
bornite require an exposure of thirty seconds. For higher 
power work, it is best to use orthochromatic plates and a color 
screen. Using an arc light, Forbes orthochromatic plates and a 
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yellow screen, a magnification of 250 diameters requires four 
seconds’ exposure. 

In photographing polished surfaces of minerals, color plays an 
important part, and objects which give a good contrast to the 
eye often show none in the negative, as, for example, chalco- 
pyrite and pentlandite. If etching will not produce a difference, 
it becomes necessary to use screens. 

In conclusion, it must be stated that the above account of 
methods of examining opaque minerals is not intended to be 
exhaustive, but is given from personal observation and trial as 
a guide to those who wish to begin work along this line. After 
a very little while each worker develops methods of his own 
which he finds far superior to all others. 

The writer has to thank the Boston Testing Laboratories and 
Carl Zeiss for use of blocks for Figs. 57 and 61, and 56 and 58, 
and Ph. Pellin for Fig. 60. 

To the Carnegie Institution of Washington he wishes to ex- 
press his indebtedness for a grant for apparatus to carry on 
this work. 
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A MICROSCOPIC EXAMINATION OF THE COBALT 
NICKEL ARSENIDES AND SILVER DEPOSITS 
OF TEMISKAMING. 


W. CAMPBELL AND C. W. Knicur. 


In the preceding paper’ the methods employed in the micro- 
scopic examination of opaque minerals have been described and 
it is now intended to give the results of the application of these 
methods to the cobalt nickel silver veins of Temiskaming. 

The geology of these deposits has been set forth in detail by 
W. G. Miller,? from whose work the following information has 
been abstracted. 

OCCURRENCE. 

The deposits occupy narrow practically vertical fissures or 
joints which cut through a series of usually slightly inclined 
metamorphosed fragmental rocks of Lower Huronian Age. A 
few veins of similar form have also been found in the adjacent 
diabase, whilst a few appear to be partly or wholly in the Kee- 
watin which is in contact with the Lower Huronian. 

The material in the veins has most probably been deposited 
from highly heated and impure waters which circulated through 
the cracks and fissures of the crust and were probably associated 
with the post-Middle Huronian diabase and gabbro eruption. 


ORES AND MINERALS. 


The more important ores in the veins are native silver—asso- 
ciated with which is usually some dyscrasite (Ag,Sb), argentite, 
etc.—smaltite (CoAs,), niccolite (NiAs) and related minerals. 

At the surface occur the decomposition products cobalt bloom 
or erythrite (Co,;As,O,-+ 8H,O) and nickel bloom or anna- 
bergite (Ni,As,O,-+ 8H,O). 

* Campbell, Economic Grotocy, Vol. I., No. 8, pp. 750-765. 


2“ The: Cobalt-Nickel Arsenides and Silver Deposits of Temiskaming,” 
Ontario, Report Bureau of Mines, II., 1905. 
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Most of the veins are very rich in silver and more or less cal- 
cite is present. Their width runs from one to eighteen inches. 
The ores are frequently grown together and the arsenides of 
cobalt and nickel are found intimately mixed with silver. At 
other times there is almost massive smaltite or niccolite. Cloan- 
thite (NiAs,) occurs characteristically in small spheroidal masses 
in calcite. The native silver is in masses, films and flakes, etc., 
and usually contains some antimony and occasionally bismuth. 
The dyscrasite is usually closely associated with native silver. 
Argentite occurs in a number of veins while native bismuth is 
found in all of the deposits. 

One of the veins, the Cobalt Hill, does not carry silver in pay- 
ing quantities, but consists of fourteen inches of practically solid 
ore—grains of copper-colored niccolite set in a gray groundmass 
of smaltite. Cloanthite is also present. 

The specimens for microscopic examination were obtained 
from properties in the heart of the region and may be considered 
typical. In them a definite order of deposition is shown, as will 
be seen from the following illustrations. 


RELATION OF SMALTITE TO NICCOLITE AND OF SMALTITE AND 
NICCOLITE TO CALCITE. 


Spec. IV.—La Rose mine. To the eye the specimen consists 
of a dendritic growth of smaltite and niccolite, surrounded by a 
groundmass of calcite. Under the microscope the termination of 
the various fronds shows up as in Plate IX, Fig. 1. X 50 dias. 
Vertical (V) illumination. The interior consists of niccolite, but is 
not homogeneous, for in places it contains numerous spots of a 
bluish-white material which apparently separated out with the 
niccolite like an emulsion, or was precipitated from it in the solid 
state. The niccolite polishes extremely well. 

Around the niccolite, like an envelope, occurs the smaltite, 
whose whitish cubes abut on the pinkish niccolite and are cut by 
veins of the latter. The smaltite is more difficult to polish and 
yields a surface rather rough in appearance. 

Lastly we have the groundmass of calcite which with vertical 
light appears black. It surrounds the smaltite-niccolite dendrites 
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as a matrix, occurs as patches in the niccolite and between it and 
the smaltite and in the form of veins cuts both. Plate IX, Fig. 2 
(X 80, V) shows, in the center of the field, a cube of smaltite 
surrounded by the smooth, pinkish niccolite. As before, around 
the niccolite occurs an envelope of smaltite, the whole being set 
in calcite, the black constituent. 

Another specimen (No. 12) from the same locality showed the 
smaltite as cubes and rosettes, the niccolite without shape inclos- 
ing cubes of the former, while the whole is cut by veins of cal- 
cite, which also forms the matrix. 

The above seems to show that smaltite was the first mineral 
to be deposited—that next came the niccolite, but not always 
pure, whilst later on the calcite was deposited, surrounding the 
whole as a groundmass and cutting it as veins, showing that the 
smaltite-niccolite was more or less disturbed and fractured before 
the deposition of the calcite. This establishes the order which 
is the same in all of the specimens examined. 

It is somewhat surprising, however, that the niccolite occurs 
inside an envelope of smaltite. Were we dealing with an alloy of 
smaltite and niccolite which had solidified from the molten state, 
the explanation of the structure would be simple—smaltite crys- 
tallized out first, concentrating the remaining liquid in niccolite 
in the interior. To explain the structure from the view of depo- 
sition from an aqueous solution, one needs assume a cavity on 
the walls of which to precipitate smaltite, etc., then a removal 
of the mold and its replacement by calcite. 


THE STRUCTURE OF THE SMALTITE. 

In Plate IX, Figs. 1, 2, and Plate X, Fig. 4, we have the smal- 
tite occurring as cubes and irregular masses or incrustations. It 
also occurs as well-marked rosettes, which, however, are far from 
uniform. Under the heading of smaltite-cloanthite, Dana states 
that cobalt and nickel are usually present and the two species 
grade into each other; that many analyses do not conform even 
approximately to the formula RAsg, the ratio rising from less 
than 1:2 to 1:2.5 and nearly 1:3, showing a tendency towards 
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PLATE IX. 
EXPLANATION OF FIGURES. 


Shows smooth interior of niccolite, surrounded by rough gray envelope 
of smaltite, the whole set in a dark calcite groundmass (X50, V). 

The same (X80,V). In center a cube of smaltite is embedded in 
niccolite. 

Rough gray smaltite in dark groundmass of calcite (X 70, V). 

Rosettes of smaltite in light pink groundmass of calcite (X 70,0). 

The same, showing a new constituent (X 70, O). 

Deeply etched smaltite (X 33, V7). 














Fic 





PLATE IX, 


Economic GeoLoey. 





























skut 
mix 

S 
rose 
poli: 
dark 
lowe 
etch 


Obl: 
appe 
ture 
tras 
obli 
Serv 
IX, 
on ; 
ligh 
the 
On 
a st 
loca 
V 
ther 
lowi 
S 
whe 
calc: 
whi 
befc 
that 
Thi: 
whe 
the 
mos 


V), 
y 




















SILVER DEPOSITS OF TEMISKAMING T7* 


skutterudite, RAss, perhaps due to either molecular or mechanical 
mixture. 

Spec. II, from la Rose mine, in the hand specimen showed 
rosettes of smaltite surrounded by calcite. The structure of the 
polished surface is shown in Plate IX, Fig. 3 (X 70, V), where the 
dark calcite forms a groundmass for the arsenide which on the 
lower right-hand side shows a fracture filled with calcite. On 
etching lightly, the structure of the rosettes is clearly developed. 
Oblique light, however, gives the best results, when the calcite 
appears a cloudy pink and the rosettes steely-gray. The struc- 
ture is shown by Plate IX, Fig. 4 (X 70,0). When we con- 
trast Plate IX, Figs. 3 and 4, the difference between vertical and 
oblique illumination is strikingly brought out. Etching also 
serves to reveal the presence of another form, as seen in Plate 
IX, Fig. 5 (X 70, O), which shows a dark crystal to have grown 
on a rosette before the deposition of the calcite. By vertical 
light before etching these crystals are hard to distinguish from 
the smaltite. One is seen in the left-hand of Plate IX, Fig. 3. 
On etching with nitric acid (1:1), the unknown material takes 
a straw tinge. A second specimen (No. 10) from the same 
locality showed similar crystals throughout the mass. 

When we proceed to etch more deeply we find that the rosettes 
themselves are not uniformly attacked, as is shown in the fol- 
lowing: 

Spec. V, from Cobalt Hill, the non-argentiferous vein, showed 
when polished a structure similar to the last but with very little 
calcite. Etching reveals the presence of some lath-like crystals 
which had separated or crystallized out between the rosettes 
before the calcite had deposited. Deep etching seems to show 
that the center or kernel of the rosettes is different from the rest. 
This is shown in Plate IX, Fig. 6 (xX 33,V), deeply etched, 
where the cores of the rosettes show up lighter, whilst between 
the rosettes lie the hard, white unetched lath-shaped crystals, 
most of which, however, are fractured. Plate X, Fig. 1 (X 80, 
V), shows the same, together with some calcite as a groundmass. 
Two other specimens (Nos. 18 and 19) from the same locality 
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PLATE X. 
EXPLANATION OF FIGURES. 


Deeply etched smaltite ( 80, V), showing some dark calcite in center, 
together with some white unknown crystals. The smaltite is not 
uniform. 

Pink calcite, black argentite, molded on the rough pyrite-like material 
(X 80, O). 

Rough smaltite in relief, embedded in bright white silver on one side 
and black calcite on the other (X70, V). 

Rough smaltite in silver groundmass (X 70, V). 

Whitish silver vein in grayish argentite (x 88, ). 

White silver vein in dark calcite groundmass ( 60,V/). Silver vein 
has thin blue border. 
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show the same variation in the smaltite, together with the pres- 
ence of the lath-like crystals. 

From the above it is seen how an ‘apparently homogeneous 
mineral varies from the center to outside, and also contains other 
minerals as impurities so finely distributed through it that com- 
plete mechanical separation would be impossible. We can also 
understand how in this way analyses would vary, as recorded 
by Dana. 


RELATION OF THE CALCITE TO THE ARGENTITE. 

Spec. VIII, from la Rose mine, consisted of soft, sectile argen- 
tite and calcite. The argentite occurs as polygonal masses sur- 
rounded by calcite and also as veins cutting the latter. In places 
the argentite is seen to fill cleavage cracks in the calcite and is 
therefore later. In addition, there occur one or two small 
masses of pyrite-like material, which may be older than the cal- 
cite, and certainly is older than the argentite which surrounds it 
and veins of which cut across it. The relationship of these three 
constituents is shown by Plate X, Fig. 2 (XX 80,0). On the 
left we have pinkish crystalline calcite inclosing a black mass of 
argentite which is molded on and cuts the pyrite-like material. 

A second specimen (No. 10) from the same mine shows very 
fine veins of both silver and argentite cutting the calcite, clearly 
showing that the latter was the oldest constituent of the three. 


RELATION OF THE SMALTITE AND NATIVE SILVER. 


Spec. I shows in the hand specimen a mass of smaltite and cal- 
cite inclosing veins of native silver, clearly showing the latter 
to be the youngest. In places the native silver is seen as the 
matrix of the cubes of smaltite. Plate X, Fig. 3 (X70,V), 
shows the hard, rough smaltite as rosettes, etc., surrounded by a 
dark groundmass of calcite, but inclosing (on the right of the 
Fig.) a groundmass of later native silver. This silver ground- 
mass is better shown in Plate X, Fig. 4 (x 70,V), where it 
encloses more or less perfect cubes of smaltite. Here again it 
seems strange that the rosettes of smaltite should be surrounded 
by calcite, while the cubes are imbedded in native silver (cf. rela- 
tion to the niccolite, Plate IX, Fig. 1). 
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Associated with the silver are two metallic substances, one with 
a bluish tint, the other mauve. (According to Miller the native 
silver is usually found to contain some antimony and occasion- 
ally bismuth.) These two substances are always without crys- 
talline form, being of the same generation as the silver. Spec. 
II, from la Rose mine, shows the same structures as described 
above and is shown in Plate X, Figs. 3 and 4. In specs. 13 and 
14, from the same locality, the silver occurred in large patches 
and in veins cutting the fractured smaltite and calcite. Spec. 12 
contains two fragments of rock in which the silver is impregnated. 


RELATION OF THE CALCITE AND NATIVE SILVER. 

Spec. III, from the Trethewey mine, consists of veins and 
irregular masses of silver in calcite. Some rosettes of smaltite 
occur and show the same relations as described above. Plate X, 
Fig. 6 (X 60, V), shows an irregular vein of native silver pene- 
trating a mass of calcite. The silver is associated with a bluish 
constituent which here surrounds it as an envelope and also occurs 
in it as small, irregular masses. Veins of silver in calcite were 
found in many of the specimens (I, 10, 13, la Rose mine), whilst 
in specimen 12 from la Rose mine the bluish envelope between 
the silver and the calcite was very marked. 


RELATION OF THE ARGENTITE TO THE NATIVE SILVER. 

Spec. VI, from the Buffalo mine shows three veins of silver 
in a groundmass of argentite. On the corners of the specimen 
are small patches of calcite. Owing to the softness of both 
argentite and silver it was almost impossible to obtain a surface 
free from scatches. Plate X, Fig. 5 (X 88, V), shows a ramify- 
ing vein of silver in a groundmass of argentite. The contrast in 
the photograph is weak, but under the microscope the two are 
easily distinguished, first by their yellowish and bluish tints re- 
spectively, and secondly by the extreme softness of the argentite. 
On exposure to the atmosphere the silver tarnishes red to pink 


in color. 
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THE RELATION OF THE BISMUTH TO THE NATIVE SILVER, ETC. 


Several specimens rich in bismuth were polished and examined 
and although it seemed clear that the bismuth was later than the 
calcite, the relative ages of the bismuth and native silver were 
not so easily determined. 

One specimen (No. 15) of massive bismuth showed an island 
of silver which polished in slight relief. Within the silver were 
small patches of niccolite and smaltite in their usual order, the 
smaltite occasionally showing well marked faces. On etching 
the specimen with nitric acid (1:1) the bismuth showed up as 
two large crystals full of slip-bands due to strain, the silver as a 
single crystal also containing numerous slip-bands. It seems 
probable that the strain occurred during mining operations. 

Another specimen (No. 16) showed cubes of smaltite set in 
niccolite grains and patches and in calcite, these three constit- 
uents showing their normal order of succession. In addition the 
specimen contained both silver and bismuth. The bismuth in- 
cluded cleavage fragments of calcite and also cut it as veins, 
proving its later origin. The relation of the bismuth to the 
silver is difficult to make out because although silver frequently 
occurs as patches within the bismuth and is associated with smal- 
tite and niccolite, occasionally we find small patches of bismuth 
within the silver. The close association of the smaltite and 
niccolite with the silver, however, seems to show that the bismuth 
was the latest constituent. 


ORDER OF SUCCESSION. 

Although all of the structures met with in this examination 
can not be satisfactorily explained, they point to the following 
order of origin for the principal constituents: First came the 
smaltite, closely followed by the niccolite; other minerals in small 
amount came down at this time. Then after a period of slight 
movement in which the first minerals were more or less frac- 
tured, calcite was deposited as a groundmass. Later came argen- 
tite which was followed by native silver and native bismuth. 
Lastly came the surface decomposition products erythrite and 
annabergite. 
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Arranged in tabular order the succession is then as follows: 


SMALTITE, 

NICCOLITE, 

Period of movement and fracturing. 
CALCITE, 

ARGENTITE, 

NATIVE SILVER, © 

NaTIveE BISMUTH, 

Period of decomposition. 
ERYTHRITE and ANNABERGITE. 


If a sample of the ore is melted under borax and slowly cooled 
a button of speiss is obtained whose fracture resembles smal- 
tite. On polishing and examining under high powers, dendritic 
crystals resembling smaltite in color and hardness, etc., are seen 
set in a metallic groundmass like silver. In places in the ground- 
mass occur threads and patches with a purple color, the whole 
closely resembling a eutectic structure. The resemblance of the 
whole to Plate X, Fig. 4, a structure due to deposition from 
aqueous solution, is marked. 

The presence of bismuth gives us some idea of the temperature 
during deposition of the ore. Bismuth melts at 269° C. at 
normal pressure. Provided the pressure remained the same (in 
ore-bearing solutions, however, it is doubtless great) the solu- 
tion depositing the bismuth must have been below 260° C., other- 
wise the bismuth would come down as a molten metal and alloy 
with the silver already present; which, as we have seen, it did 
not do. 

In conclusion, it may seem that the work is incomplete because 
two unknown minerals occur with the smaltite and then the silver 
contains impurities as yet undetermined. But the object of the 
work was to determine the order of succession of the chief con- 
stituents, smaltite, niccolite, calcite, argentite and the native 
metals, silver and bismuth—and this has been done. 

The thanks of one of us are due to the Carnegie Institution 
of Washington, D. C., for a grant for apparatus and material. 
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THE DIRECTIONS OF MOVEMENT AND THE 
NOMENCLATURE OF FAULTS. 


FREDERICK LESLIE RANSOME. 


It is not the special purpose of this paper to record observa- 
tions or deductions new to science. The facts presented may be 
familiar to many geologists and it is possible that others than 
the writer may have drawn from them deductions similar to 
those here offered. The object of this note is primarily to direct 
the attention of geologists and particularly of economic geolo- 
gists, to whom the phenomena of faulting are of exceptional 
importance, to certain assumptions involved in the common treat- 
ment and accepted nomenclature of faults and to emphasize the 
importance of a kind of dislocation that hitherto has received 
but slight consideration from all but one or two workers. 

If the present paper will serve further to initiate a discussion 
that may ultimately prove fruitful in a more scientific classifica- 
tion and nomenclature of faults than that now in use, it will have 
fully attained its object. 

Faults are usually defined as fissures or rents in the earth’s 
crust, where one side has moved relatively to the other. It is 
commonly assumed, possibly in part from an unconscious reten- 
tion of primitive notions of a thin crust floating upon a liquid 
interior, and in part from a habit of thinking of faults in cross 
section, that the direction of motion is given by the line of per- 
pendicular intersection of the fault plane by a vertical plane 
which, in most text-book illustrations of faulting, is the plane of 
the paper. In other words, one side of the fault is supposed to 
have slipped up or the other down. Upon this assumption is 
based the classification of faults as normal and reverse or over- 
thrust, normal faults being those in which the hanging wall has 
apparently gone down relatively to the foot-wall and reverse 
faults being those in which the relative movement has apparently 
777 
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been of the opposite kind. A further consequence of the same 
assumption is the dictum that normal faulting implies stretching 
of the earth’s crust and reverse faulting compression. Le Conte, 
for example, states that ‘where fissures are formed by lateral 
pressure or crushing, reverse faults are formed; but where they 
are formed by lateral tension or stretching, normal faults are 
formed.’’! Chamberlin and Salisbury? remark that “in view of 
the current opinion that the crust of the earth has been subjected 
to great lateral thrust as a result of cooling, it is well to make 
especial note of the fact that the faults which imply stretching 
are called normal because they are the more abundant; and that 
faults which imply thrust are less common, and are styled re- 
versed.” Van Hise® classifies faults as tension faults and com- 
pression faults, or preferably as gravity faults and thrust faults. 
In fact, the correlative ideas that normal faults are necessarily 
due to a slipping down of the hanging wall under the direct 
influence of gravity and that they necessarily imply stretching or 
extension have been so generally held that they have been incor- 
porated into widely accepted genetic terms and definitions applied 
to the actual phenomena. 

The fact that faulting does in most cases produce a heave or 
offset in beds or other anterior structures, as seen in relation to 
the fault on any approximately horizontal plane, such as the sur- 
face of the earth or a mine level, has been known from the 
earliest days of geology. The first and obvious impression made 
by such an offset upon an observer not familiar with geological 
structures or literature is that the separated ends of the beds have 
been shoved past one another by horizontal movement along the 
fault. Geologists soon found, however, that the offsets are in 
many instances due to the effect of approximately vertical move- 
ments upon inclined strata and this explanation, undoubtedly the 
true one for many occurrences, has been so generally adopted as 

*“ Blements of Geology,” 3d ed., 1891, p. 234. In the 5th ed., revised by H. 


L. Fairchild, the words gravity or tension are substituted for normal. 


*“ Geology,” Vol. I., 1904, pp. 497-498. 
®“ Principles of North American pre-Cambrian geology,” 16th Ann. Rept. 
U. S. Geolog. Survey, 1896, pt. i., pp. 672-674. 
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to partly close the minds of geologists to other suggestions. 
Green,’ after showing how the heave of faults may be explained 
by vertical displacement, remarks that “it must not be assumed 
that the displacements produced by faults are always wholly 
vertical; it is conceivable, nay highly probable in those cases 
where the rocks have been subjected to powerful horizontal com- 
pression, that horizontal motion may have taken place, and that 
beds may have been moved not only up and down, but also to 
and fro on opposite sides of a fault.” 

Jukes-Brown,’ after the usual explanation of heave or offset, 
adds the following foot-note: “It is possible, however, that some 
dislocations may really be lateral shifts without any vertical dis- 
placement. These may be called heaves, and they appear to 
occur in districts that have been much disturbed and fractured; 
see ‘ Reports of Miners’ Assoc. of Cornwall and Devon, 1879, 
Phenomena of Heaves,’ by A. T. Davies.” Margerie and Heim* 
also, in their useful compendium of faulting, consider transverse 
horizontal faults or shifts (décrochments horizontaux) and point 
out how in some cases they may be distinguished from faults in 
which the vertical component predominates. Most modern text- 
books on geology, however, pay scant attention to the possibility 
of horizontal shifting. Sir Archibald Geikie‘ and Chamberlin 
and Salisbury,’ for example, in their respective textbooks clas- 
sify faults as normal and reverse and discuss them as if the 
motion were always in a vertical plane perpendicular to the fault 
plane. Horizontal shifts or heaves are not even mentioned. 
Dr. James Geikie, however, devotes a paragraph to “transcur- 
rent faults or transverse thrusts’ He states that “ faults of this 
kind are steeply inclined or ..rtical, and often extend for many 
miles, always traversing the strata at approximately right angles 
to the strike. They are neither downthrows nor upthrows, move- 
ment having taken place in a forward direction so that the walls 


*“ Physical Geology,” 3d ed., London, 1882, pp. 497-408. 

*“ Handbook of Physical Geology,” London, 1884, pp. 359-360. 
3“ Les dislocations de l’ecorce terrestre,” Zurich, 1888, pp. 71-76. 
*“ Textbook of Geology,” 4th ed., London, 1903, Vol. I., p. 690. 
5“ Geology,” New York, 1904, Vol. I., p. 493. 

6“ Structural and Field Geology,” Edinburgh, 1905, pp. 168-160. 
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of the thrusts are slickensided horizontally. Not infrequently 
the rocks on either side are much crushed and shattered, or the 
two walls may be separated by a ‘ friction breccia.’ Among the 
best known examples of such transverse thrusts or transcurrent 
faults are those met with in the Alps and the Jura.” 

Mr. J. E. Spurr, who has perhaps done more than any other 
recent writer to clarify the subject of faulting, writing in 1897, 
remarked: “‘ Whenever the rocks of the earth’s crust are sub- 
jected to strain, fractures take place in them as in any other body 
under similar conditions, and the different parts of the rock 
tend to move past one another along the fracture-planes, seeking 
to obtain relief from the strain and to accommodate themselves 
to new conditions. In this movement one part of the fractured 
rock-mass may move upon the other in any direction, up, down, 
sidewise or obliquely, according to the conditions, which are 
different in each instance. . . . The throw is always a part of 
the total displacement, although with no definite relationship to 
it, and varies from zero to the full total displacement.’ In his 
later writings, also, he has consistently regarded faulting from 
an exceptionally broad standpoint and, in contrast to most geolo- 
gists, has recognized the importance of the horizontal element in 
many steep faults. In his textbook? he calls attention to the fact 
that vertical cross sections do not necessarily show the principal 
movement of a fault and illustrates by a stereogram a horizontal 
fault (heave) where throw and offset coincide. In his report 
on the Tonopah district* he describes and illustrates faults in 
which “blocks on the west side of the separate northeast faults 
were shoved northward past the blocks on the east side, nearly 
horizontally, but with a slight downward plunge.” Spurr and 
Garrey* also describe nearly horizontal movements along steep 
fault planes in the Georgetown district, Colorado. 

In the course of studies carried on by me during the past few 

*“ The measurement of faults,” Journal of Geology, Vol. 5, 1807, pp. 723 
and 728. 

2“ Geology Applied to Mining,” New York, 1904, pp. 151 and 158. 

®°U. S. Geolog. Survey, Professional Paper No. 42, 1905, p. 144. 


‘Preliminary report on ore deposits in the Georgetown, Colo., Mining Dis- 
trict, U. S. Geolog. Survey, Bull. 260, 1905, p. 100. 
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years in mining districts in Arizona and Idaho it has been found 
that faulting plays a very important part in the structure. In 
the Globe and Bisbee districts in Arizona, for example, faults 
are extraordinarily abundant and the main structural features 
are far more a result of dislocation than of folding. The Coeur 
d’Alene district in Idaho is traversed by many great faults With 
lengths up to thirty miles or more and throws which in some 
instances amount to eight thousand feet. 

In all three districts both normal and reverse faults are present 
and inasmuch as both classes of faults appear to belong to the 
same general period of dislocation it is difficult to account for 
their association so long as the mind is unconsciously bound by 
the prevalent view that normal faulting necessarily implies 
stretching. In the Bisbee district,’ for instance, low angle over- 
thrusts with displacements up to two miles are accompanied by 
nearly vertical faults which in great part are of the normal type 
although some are steep reverse faults. The reverse faults are 
unquestionably due to compression, and while tensional stresses 
might be set up as a minor feature in the general compression of 
a heterogeneous mass of rocks, it does not seem probable that 
numerous and important normal faults can be formed merely as 
a result of such subsidiary tension. Thus, if normal faults nec- 
essarily imply stretching, we must conclude that they were 
formed at different times from the reverse faults and that the 
rocks in such a district as that of Bisbee were alternately stretched 
and compressed, which is difficult of belief. 

In the Coeur d’Alene district great normal faults are asso- 
ciated also with numerous and important reverse faults. Most 
of the latter are steep but some have dips probably under rather 
than over forty-five degrees. The faults all appear to belong to 
one general period of dislocation although it would not be pos- 
sible to prove that normal and reverse faults were actually pro- 
duced at the same time. The fact, however, that both kinds of 
faults occur in the same parallel systems is strongly suggestive 
of practically simultaneous origin. The steep reverse faults are 


*See Ransome, F. L., “ The Geology and Ore Deposits of the Bisbee Quad- 
rangle, Arizona,” U. S. Geological Survey, Professional Paper No. 21, 1904. 
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in this region particularly puzzling if one entertain the supposi- 
tion that the motion has taken place in accordance with the 
familiar textbook representation. Horizontal stresses exerted 
at right angles to the strike of a fault do not seem adequate to 
account for the thrusting of one wall up an inclined plane of 
sixty or more degrees. 

These difficulties largely disappear when we consider that 
motion along a fault plane is not necessarily up or down its slope, 
but may be a horizontal shove of one wali past the othef; or the 
direction of motion may form any angle with the horizontal line 
representing the strike of the fault. Faults of this type have 
been recognized in the Alps, in Cornwall, and by Mr. Spurr in 
mining districts in Colorado and Nevada, as already mentioned; 
but they seem to have been commonly regarded as exceptional 
occurrences of so little importance as not to deserve mention in 
most of the leading manuals of geology. It is believed, how- 
ever, that when observers become watchful for dislocations of 
this character they will prove to be less rare than had been sup- 
posed. Recent studies by me in mines in the Bullfrog district, 
Nevada, have shown fault striations which are more nearly hori- 
zontal than vertical, and Mr. J. E. Spurr’ finds that in the 
Georgetown region of Colorado evidence of nearly horizontal 
movement along many of the faults is particularly clear, as he 
will show in a forthcoming publication on the geology and ore 
deposits of that district. Most impressive of all, however, is the 
recent displacement along the San Andreas fault which was the 
immediate cause of the San Francisco earthquake. According 
to the preliminary report? of the State Earthquake Investigation 
Commission, the southwest side of the fault, for a distance of 
at least one hundred and eighty-five miles was shifted to the 
northwest relatively to the northeast side of the fault. The 
maximum horizontal displacement observed is about twenty feet, 
whereas the maximum vertical displacement does not exceed four 
feet. This occurrence shows that heave faults are not neces- 
sarily transverse to the strike of the rocks, as Dr. James Geikie 


* Oral communication. 
* Pamphlet, without date or place of publication. 
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states, basing this generalization doubtless upon the transcurrent 
faults of the Alps and Jura. The California dislocation traverses 
a complex structure, but on the whole runs parallel to, rather 
than across, the dominant orogenic axes. 

Whether heave faults are numerous as compared with those 
of approximately vertical throw is something that only careful 
future observation can decide. The fact that they occur is cer- 
tain, and this is enough to invalidate the assumption which has 
already been referred to as vitiating most descriptions and dis- 
cussions on faulting. An essentially vertical displacement has 
been premised in probably 99 per cent. of the high angle faults 
described. As a matter of fact there is nothing to show that a 
considerable proportion of the so-called normal or reverse faults 
noted in geological literature should not be classed as heave 
faults, or at least as faults in which the horizontal component of 
motion measured in the plane of the fissure is as great or greater 
than the vertical component. 

The significance of the terms normal and reverse as applied to 
faults now requires some attention. In the following diagrams 
an attempt has been made to illustrate some of the effects pro- 
duced by faults in which there is an actual heave, not the appar- 
ent heave or offset produced by normal or reverse faults of the 
conventional type. Fig. 62 represents a cube of rock traversed 
by the fault plane FF and by the stratum or dike BB. The block 
may be supposed resting upon a table. In Fig. 63 the block is 
faulted by slipping the front portion to the left. The fault is a 
heave, the vertical component, or throw, being zero. It will be 
observed that the dislocation would ordinarily be classed as a 
normal fault, the part of the bed in the hanging wall having 
apparently slipped down. A careful student of text-book fault- 
ing, if he encountered a dissevered bed in this position would 
doubtless assume a normal throw and readily explain the offset 
as an apparent heave, or simply “heave,’’ as the word is com- 
monly and unfortunately used, with tacit implication that the 
horizontal movement is apparent—not real. In this case, cog- 
nizant of the table top under the block, we reverse the process 
and account for the throw as apparent only. In Fig. 64 the 








784 FREDERICK LESLIE RANSOME 








Fic. 62. Block before faulting. FF, fault plane; BB, bed or dike. 








Fic. 63. Block dislocated by: heave fault, showing apparent normal faulting 
of bed BB. 
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front part of the block is slipped to the right, giving what would 
ordinarily be termed a reverse fault, although there has been no 
vertical movement whatever. In Fig. 65 the front piece of the 
block is slid up along the fault plane and raised above the surface 
of the table. Here, it will be noted, the fault as measured by 
the apparent throw of the bed B would be classed as a normal 
fault and yet the actual movement is partly a heave and partly 
an upthrust. Other variations might be diagrammatically illus- 
trated but those shown are enough to demonstrate the fact that 
along a plane of dislocation, within which the horizontal com- 
ponent of movement exceeds that corresponding to the dip, 
apparent normal faults may occur at some points and apparent 
reverse faults at others. Whether a purely horizontal displace- 
ment appears as a normal fault or as a reverse fault at any one 
place depends merely upon the attitude of the beds (or other 
structures used as datum planes) relative to the plane of the fault. 
Furthermore “normal faults” and “reverse faults’? may both 
be produced simultaneously by compression and “ normal fault- . 
ing” is not necessarily a proof of tension. 

In short, the terms normal and reverse as commonly applied to 
faults have very little real significance. They express merely a 
local relation of the faulted beds, dikes, or other structures to 
the plane of the fault. They do not, unless we make an unwar- 
ranted assumption, indicate the kind or direction of the move- 
ment or whether tension or compression was the dominant stress 
at the time of dislocation. It is only when, by the study of 
striations or of the broader structural relations of the field, the 
direction of the faulting movement is determined, that we are in 
a position to discuss the question whether the faults are of a 
kind that imply compression for their production or whether they 
are essentially of tensional origin. In regions of nearly hori- 
zontal beds it may be comparatively easy to decide that vertical 
movements have predominated over horizontal displacement, for 
it is evident that: to produce a given throw in such rocks by 
nearly horizontal shifting, would require a much more extensive 
fault than one in which the displacement is nearly vertical, and 
corresponds to the visible throw. But with highly folded and 
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Fic. 64. Block dislocated by heave fault, showing apparent reverse faulting 
of bed BB. 











Fic. 65. Block dislocated by movement between heave and upthrust, showing 
apparent normal faulting. 
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much disturbed strata the determination of the relative impor- 
tance of the horizontal and dip components of a fault becomes 
more difficult. Even where striae are found these have usually 
been graved by the latest movement along the fault plane, and 
may or may not be coincident in direction with the movement 
which effected the principal dislocation. While of course no 
geologist can doubt that many, and probably most, so-called 
normal faults are produced by the slipping of the hanging wall 
down in the general direction of dip and that such movement 
implies local tension or extension of the earth’s crust, yet it is 
possible that careful study of faults will greatly lessen the appar- 
ent preponderance of faults of this type and bring the general 
phenomena of faulting more into harmony with the evidence 
furnished by thrust faults and folds for the dominance of com- 
pressive stresses in the lithosphere. 

Several questions of nomenclature are suggested by the fore- 
‘ing going discussion. Are we to apply the term normal fault to the 
thing actually observed, irrespective of genesis, or are we to 
reserve it for those faults in which the hanging wall not only 
appears but is known to have slipped down relatively to the foot- 
wall? Are we to describe as a reverse fault one in which a cer- 
tain bed appears as a higher point in the hanging wall than in the 
foot-wall or are we to reserve the name for dislocations in which 





it is known that the hanging wall has been actually upthrust rela- 
tively to the foot-wall? Evidently such terms as “ gravity 
fault’? and “tension fault,’ with their genetic connotations, are 
applicable only to those dislocations in which the direction of 
motion is known, not arbitrarily assumed. 
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THE MAXIMUM DEPOSITION OF COAL IN THE 
APPALACHIAN COAL FIELD.! 


GeorceE Hatt ASHLEY. 


INTRODUCTION. 


Much discussion has from time to time appeared on the various 
problems connected with the origin and deposition of coal, but 
it has seemed to the writer that sufficient careful work has 
not been expended on the amount of time involved in coal for- 
mation. The following paper is the first of three dealing 
with the time interval involved in the laying down of the coal 
of the Carboniferous. These papers will make no pretense at 
finality, but are prepared in the hope that their appearance, 
by suggesting a possible solution of a problem of great sci- 
entific interest, may call forth criticisms, suggestions and facts 
that will aid our general understanding of the question. It is 
also hoped that they may develop a method of approach that will 
yield closer and more reliable results than those previously ob- 
tained. It must be confessed at the outset that the argument 
presented is based on a premise that is not wholly satisfactory. 
It has proved more so than any other, but is still accepted with an 
expressed doubt as to the limits of its applicability and a fear 
that the relative value of all of the factors involved has not been 
fully recognized. This premise is the so-called peat-bog theory, 
the only one of the many theories of coal formation so far pre- 
sented into which time elements may be safely introduced. Any 
drift or water deposit theory involves indeterminable time factors. 

A peat bog is the result of growth involving time.- By elimi- 
nating the slow-growing bogs or those of whose rate of growth 
we know little or nothing, there still remain many cases on 
record in which we know the number of years required to pro- 
duce a given depth of peat. By again eliminating those showing 


* Published by permission of The Director of the United States Geological 
Survey. 
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the slower rates we may reach a figure which may fairly repre- 
sent the maximum rate of growth of peat to-day. Any esti- 
mates made on those figures can of course claim no more than 
the presentation of values in terms of present conditions, but 
they are of value in furnishing a time factor which may serve a 
useful purpose in the comparison of present with past conditions. 

The proposition may then be stated as follows: if we know 
(1) the maximum rate of peat formation; (2) the ratio of peat 
volume to the resulting coal volume; and (3) the maximum coal 
deposition in any period—we can then estimate the time required 
for the laying down of the coal of that period (in terms of pres- 
ent conditions). 

As the third element of the problem is the most definitely 
known it will be taken up first. For the purpose of this paper it 
is proposed to limit the inquiry to the Pennsylvanian system as 
developed in the Appalachian coal field. 


THE MAXIMUM DEPOSITION OF COAL IN THE PENN- 
SYLVANIAN SYSTEM. 
The Pennsylvanian system is composed of the following groups 
and formations: 
DUNKARD GROUP—GREENE AND WASHINGTON FORMATIONS, 
MONONGAHELA FORMATION. 
CoNEMAUGH FORMATION. 


ALLEGHENY FORMATION. 
POTTSVILLE GROUP, WITH MANY LOCAL FORMATIONS. 


The individual members making up the formations of the 
Pennsylvania series show a marked tendency to gain in regu- 
larity in ascending the series. Again our knowledge of the 
Pottsville is more limited than of the higher formations. In 
estimating the thickness of coal in the Pottsville the method has 
been followed of summing up the maximum thickness of the 
several coal beds of different known regions and taking the one 
yielding the largest results. It is thus possible to deal with a 
maximum time interval. In studying the higher formations the 
plan has been to follow each coal bed over its area of recognized 
distribution, noting the thickness and then adding together the 
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maxima of the several beds. In examining the Allegheny for- 
mation something of a compromise between the two methods has 
been necessary as the conditions prove to be intermediate between 
the two extremes. The anthracite region will be separately con- 
sidered. Cannel coals have been excluded because of the dubious 
character of the conditions under which they were formed; also 
pockets of coal that might have been due to local accumulations, 
and not grown in situ. 


POTTSVILLE COALS. 

Our knowledge of Pottsville coals is incomplete, certain por- 
tions of the group being better known in one locality, others in 
another. The Pottsville group attains its great development in 
the middle and southern Appalachians, and while much of the 
territory has been examined in reconnoissance, it is only here and 
there that a detailed study has been made. The Federal Geolog- 
ical Survey has done most of its detailed work in the southern 
Pottsville and a glance at one of their key maps reveals how 
scattered such work has been. A comparison of these scattered 
fields seems to indicate that the greatest total thickness of coals 
yet worked out is in the neighborhood of Cumberland Gap, where 
Kentucky, Tennessee and Virginia adjoin one another. A better 
knowledge of the Kanawha—New River—Pocahontas fields may 
some day locate the maximum deposition at a different locality. 

The Pottsville in the Cumberland Gap region has a thickness 
of four thousand feet. Coal has been recognized at practically 
fifty horizons in this interval; at forty-four of these measure- 
ments have been made. These show a total maximum thickness 
of one hundred and fifty-eight feet. Subtracting the thickness 
of all partings there is left one hundred and thirty-four feet of 
solid coal. This estimate was obtained by taking the measure- 
ments of the different coals in Bryson mountain. As nine of the 
coals of recognized correlation are thicker in other parts of the 
same field, these measurements were correspondingly increased. 





ALLEGHENY COALS. 
The Allegheny formation is generally recognized as having 
seven widespread horizons. The recent work of the U. S. Geo- 
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logical Survey in Pennsylvania has shown that many of the coals 
correlated with one another in separated localities and therefore 
supposed to have been formed at the same time, are not in reality 
continuous. As an instance, the coals of the Upper Freeport 
and Lower Kittaning horizons may be cited. In such cases ex- 
ploration has proved that coals long supposed to be continuous 
with one another are actually at slightly different horizons, the 
two levels often overlapping. Furthermore, many of the dia- 
mond drill records show an excessive number of coals, sometimes 
five or six extra coals being found in a single drilling. The 
same thing is sometimes recognized in surface outcrops, as in 
the case of the middle Freeport coal at Freeport, and other well 
known examples. 

By tracing each of the principal beds over its recognized area 
and ascribing to it a thickness equal to that shown in its maxi- 
mum development, a total maximum thickness is obtained of 
seventy-two feet; or allowing 25 per cent. for partings, of fifty- 
four feet of solid coal. In considering these figures, which will 
seem large to many, it must be remembered that many of the 
coals which over large areas are thin and insignificant become 
locally very important. Thus the great Hocking Valley coal 
of Ohio, a fourteen-foot bed, is correlated with the middle Kit- 
tanning coal which is generally of no economic value. So, too, 
the Upper Freeport coal is very thick in the Broad Top field of 
Huntingdon County, yielding locally eleven feet of coal in a total 
thickness of thirteen or fourteen feet. The Lower Freeport is 
locally fourteen feet thick in parts of the Reynoldsville field and 
almost as thick elsewhere. 


CONEMAUGH COALS. 

The Conemaugh coals are generally thin and non-workable. 
At least eleven horizons have been recognized and a majority of 
these acquire a workable thickness in some part of the area un- 
derlain by the formation. An examination of these confined to 
Maryland shows a maximum total thickness of coal, excluding 
partings, of over thirty-seven feet. 
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MONONGAHELA COALS. 

The Monongahela formation contains six well recognized 
coals, including the important Pittsburg coal. Tracing these 
coals, as before, over Pennsylvania, Ohio, Maryland and West 
Virginia, they yield a total thickness of over thirty-two feet of 
coal without partings. If partings be included the totals are 
much higher, as the Pittsburg coal alone in parts of the George’s 
Creek field of Maryland is over fifteen feet thick. ‘The Waynes- 
burg coal yields seven feet of coal at many places in Washington 
and Greene counties of Pennsylvania in a total thickness ap- 
proaching fifteen feet. 


THE DUNKARD COALS. 

The Dunkard group, which is best developed in the southwest 
corner of Pennsylvania, contains at least six coals, only one of 
which, the Washington, is of workable thickness. The maxima 
of these coals yield a total of over sixteen feet. 


SUMMARY. 
A summary of these various estimates may thus be presented 
which, while not yet wholly satisfactory, will give a fairly good 
idea of the maximum deposition of coal in the Appalachian field. 


SUMMARY OF MAxIMA oF Bituminous Coats (ExcLupiInGc PARTINGs) : 


Feet. 
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273 


According to these figures the time involved in the laying down 
of the bituminous coal beds of the Appalachian coal fields has 
been sufficient for the deposition of a bed of coal at least two 
hundred and seventy-three feet thick. More complete investi- 
gation in the future will rather enlarge than decrease this figure, 
probably raising the total to more than three hundred feet. 

The anthracite field was studied in the same way. The 
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MAXIMUM DEPOSITION OF COAL 793 
writer’s lack of personal acquaintance with this field led him to 
be conservative in view of the possibility of the maximum meas- 
urements in many cases being the result of the subsequent fold- 
ing and not of the original deposition. . Thus, the Mammoth bed, 
which usually is from twenty to thirty feet or less in thickness, 
measures in one place one hundred and fourteen feet with one 
hundred and five feet of coal. The plan has been followed of 
taking the highest average thickness for small districts. In this 
way a total maximum thickness was obtained of about two hun- 
dred and sixty feet, yielding a little over two hundred feet of 
solid coal, if the partings are considered to occupy 20 per cent. 
of the total. These figures include a thickness of fifty-six feet 
(forty-two feet of coal) for the Mammoth bed (Pottsville re- 
gion), and forty-five feet for the Lyken’s Valley coals, thirteen 
in number (at Lincoln and Kahina). If the extreme maximum 
measurements of each of the beds were taken the total would be 
much higher, but for the reason given that has not been done. 
In general, the maxima in the two fields are not far apart, and 
considering the limited extent of our knowledge, it seems fair to 
consider that as a maximum the equivalent of three hundred feet 
of solid coal was laid down during Carboniferous time. This 
figure will be used in the following papers. 





EDITORIAL 


THE RECORD OF GEOLOGICAL INFORMATION. 


A year has now passed since the first issue of the journal 
Economic GEoLocy was published. The editors expressed in 
the initial editorial the earnest hope that they might be aided 
in their efforts by the support of those who were interested in 
the science of economic geology, or engaged in the actual prac- 
tice of mining. It is a source of great gratification to them 
that this hope has been more than realized, and as the present 
issue goes to press it has seemed appropriate to them to express 
to their readers and subscribers their keen appreciation of the 
cordiality and genuine interest which has been so generally ex- 
tended. It is with somewhat unusual pleasure that they refer 
to the efforts which many busy men have made to contribute to 
the journal, because in the field of economic geological work 
and of mining engineering especially the multitude of business 
matters which press upon men occupied with large practice leaves 
little opportunity for writing. Contributions sent for the fur- 
therance of scientific progress—those pleas for the greater exact- 
ness of geological research upon which so much of the success 
of modern mining is coming to depend—can only be attempted 
in odd moments gleaned, often at some sacrifice, from the stress 
of more important affairs. 





From men so engrossed with practical duties have come many 
of the most valuable contributions, and from them, as they may 
find the opportunity and have the wish to write, will continue to 
come such contributions as can be offered only by those whose 
constant presence on the ground furnishes opportunities of re- 
cording facts that are open to no other class of observers. 

It is one of the most serious obstacles to the progress of mining 
geology that the period during which geological conditions may 
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be observed is of such short duration. The solution of the prob- 
lems of economic geology is so often dependent upon the data 
obtained in artificial excavations that this time factor is rarely 
appreciated by those whose work is carried on chiefly above 
ground. In the latter case the evidence is furnished by condi- 
tions on the surface and there need be no haste to complete the 
work, for in the course of many years the evidence will suffer no 
obliteration; outcrops which are to be observed to-day may be 
observed to-morrow, a year hence, fifty years hence; no limit is 
set other than that imposed by inclination or the necessities of 
the work. With the mining geologist this is not true. Outcrops 
are all artificial and are eminently transitory in their nature. 
The facts which may be observed to-day were but yesterday 
revealed and will to-morrow be as hopelessly lost. Mining oper- 
ations are now conducted with such rapidity that few portions 
of any mine are long open to observation. The continuation of 
the work either removes the material which served as the basis 
for observation or buries under masses of débris and waste the 
enclosing rock, or the collapse of workings that quickly follows 
upon the heels of abandonment leaves forever inaccessible im- 
portant clues to structure—clues which too often prove in later 
work to be the only links missing in the chain of evidence upon 
which hinges the success or failure of the mine. 

It thus happens that the resident mining engineer who remains 
upon the ground, who sees the mine opened and follows from 
day to day its history is the only man in possession of the real 
opportunity for continued observation and upon him rests a 
great responsibility, the responsibility of daily recording the data 
which are set before him. A few minutes only, spent at the time 
that new excavations are made, for a careful record of what has 
been seen may place in his hands needful information for which 
he must otherwise rely largely on his memory or on the verbal 
statements of others, to find in many cases that his reliance is ill 
justified by the accuracy of the information. 

Even where the stress of practical work prevents a mining 
engineer from publishing the data which he has collected it may 
often be indirectly of great service to him. Professional geolo- 
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gists who write reports on mining districts, if dependent solely 
on their own observations, could rarely arrive at successful solu- 
tions of the problems involved if they did not benefit by the rec- 
ords of those on the scene of operation; they can themselves see 
but a part of the whole and the careful records of work as it is 
prosecuted from day to day are of inestimable value. This is 
even more true if the observations have been rendered available 
by being put in print. It cannot therefore be too often urged on 
engineers that they render to science that service, which they 
alone can render, of recording their observations on geological 
structure or geological features which will help to clear up com- 
plicated problems of ore genesis or geology—and publishing their 
results so that they may be rendered available to others. 


THE PETROGRAPHY OF OPAQUE MINERALS. 


Two papers appearing elsewhere in this issue by Dr. William 
Campbell on the microscopic investigation of opaque minerals 
and the application of the methods in the study of the silver 
bearing ores of the Cobalt Mining District are of somewhat 
unusual interest to students of economic geology. The value of 
these metallographic methods of study will be readily appreciated 
from the second of the two papers where the methods of research 
have been put to successful use in the determination of the min- 
eralogy and genesis of the ores of the now widely known Cobalt 
mining region. 

Mr. Campbell has opened up in his first paper a new field of 
microscopic research and has set forth in some detail the methods 
used in the studies which he himself has made. That others 
will follow exactly the lines of research and the methods which 
he has found most serviceable is hardly to be supposed, but that 
this careful work will bring within the field of observation and 
render clear some of the more obscure questions of ore genesis 
and the relation of ore minerals to one another, is unquestionable. 
It is now eighty years since William Nicol first prepared thin 
sections of rocks for microscopic purposes, and yet within this 
period the study of microscopic petrography has done a service 
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to geological science whose importance can even now hardly be 
adequately recognized. Before this means of observation was 
afforded to students of rocks only the more coarse-grained varie- 
ties of igneous rocks could be accurately determined and even 
these were in many cases but imperfectly understood. The num- 
ber of unsolved geological questions intimately connected with 
the origin and character of unknown rock species was propor- 
tionately great. These conditions are entirely changed. There 
are few rocks which are not now susceptible to thorough min- 
eralogical analysis and the difficulties which once attended our 
understanding of petrography have been almost completely 
removed. 

It is not surprising that much petrographic literature was for 
many years largely descriptive, and that a great wealth of new 
names and subdivisions of more or less unimportant species 
should have been the first result of the opening up to possible 
observation of an immense amount of material not previously 
susceptible to study. Criticism has been justly directed of recent 
years against the unnecessary multiplication of papers on purely 
descriptive petrography. Many have asked, “to what use may 
this work be put in the solution of scientific problems?” Pe- 
trographers have now come to recognize that the microscopic 
study of rocks is rather a means than an end, that it is a science 
to be utilized for the solution of problems which could not other- 
wise be worked out, and that the multiplication of detailed de- 
scriptions of rock occurrences in no way unique nor of special 
importance only buries under a mass of unnecessary material 
investigations of real value in the solution of important problems. 

It is probable that the study of opaque minerals by the micro- 
scope will be less in the nature of a descriptive science and more 
in the nature of a means for the solution of questions of para- 
genesis and of ore deposition, for they will naturally be chiefly 
applied to mineral occurrences whose commercial importance is 
the chief consideration. 

Mr. Campbell has clearly shown that the methods first used in 
metallography can be applied to opaque minerals with very suc- 
cessful results, and that the order of origin of the several in- 
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gredients of ore deposits may be readily deciphered by means 
of such methods of examination. It is believed that these 
studies of opaque minerals will lead other students of ore deposits 
to work along similar lines and this class of research will do 
more to bring within the range of observation certain facts of 
mineral occurrence than any line of investigation that has been 
undertaken within recent years. 


THREE IMPORTANT PUBLICATIONS. 


Three publications recently received by Economic GEOLOGY 
are of such unusual importance to all who are in any way inter- 
ested in applied geology, whether it be from a practical or scien- 
tific standpoint, that they seem to deserve more than the passing 
notice usually accorded to new books. These three publications 
will later be carefully and thoroughly reviewed in Economic 
GEOLOGY. 

The first is the Geological Guide of Mexico (Guide Geologique 
au Mexique), recently issued by the International Geological Con- 
gress, which convened in the City of Mexico during the month 
of September. Mexico has, during the last decade, become the 
seat of such extensive mining operations that even the most 
meagre geological information is eagerly welcomed by all geolo- 
gists and mining engineers, and a publication so thoroughly and 
carefully prepared as this geological guide must be at once rec- 
ognized as having an unusual scientific and practical value. The 
guide is written in French in a clear and readable style and is re- 
markable for its typography and the beauty of its illustrations. It 
consists of separate pamphlets of an average length of twenty-six 
pages giving geological sections, maps, etc., of all of the impor- 
tant mining districts and noteworthy geological features of the 
various regions covered by the excursions made by the Geological 


Congress. Certain of the papers on economic geology furnish 
the only available information on more than one district of 
widely recognized commercial importance. The editors of Eco- 
NoMiIc GEoLoGy hope, with the permission of the Committee of 
the Geological Congress, to publish in future issues translations 








ofan 
congra 
inform 
and ur 
capped 
The 
is of s 
It cons 
ica, in 
Cuba, 
Arctic 
the Un 
with t 
survey 
pages. 
eight | 
prehen 
and th 
carefu 
GEOLO 
The 
Econo 
the U1 
includ 
throug 
cloped 
deposi 
variety) 
and th 
been p 
Th 

in rec 
regard 
of the 
article 
they c 
practic 





ans 
ese 
sits 


of 
een 


OGY 
ter- 
ien- 
ing 
ons 
MIC 


que 
‘on- 
ynth 
the 
nost 
olo- 
and 
rec- 
The 
, re- 
It 
=S1X 
por- 
the 
tical 
nish 
t of 
£co- 
e of 


ions 











EDITORIAL 799 


of a number of the more important pamphlets. Mexico is to be 
congratulated on having placed in the hands of professional men 
information so long desired on mining districts whose remote 
and unknown geological character has in no small measure handi- 
capped successful mining in the regions concerned. 

The second publication which accompanies the geological guide 
is of scarcely less importance and value to students of geology. 
It consists of a geological map of the continent of North Amer- 
ica, including Canada, Mexico, the Central American states, 
Cuba, Alaska, Greenland, Iceland, and certain portions of the 
Arctic regions. The map was compiled by Mr. Baily Willis of 
the United States Geological Survey for the Geological Congress, 
with the codperation of the Canadian and Mexican geological 
surveys. It is accompanied by a brief explanatory text of twelve 
pages. The scale is 1: 5,000,000, and the map as a whole is about 
eight feet square, consisting of four sheets. Nothing so com- 
prehensive has ever appeared in the way of geological mapping 
and the usefulness of the map can hardly be overestimated. A 
careful review will be published in a later issue of Economic 
GEOLOGY. 

The third publication is the new bulletin, “Contributions to 
Economic Geology for 1905” (Bulletin No. 285), just issued by 
the United States Geological Survey. This comprehensive work 
includes a series of papers on districts of economic importance 
throughout the United States, and is a brief, tersely written ency- 
clopedia of the most recent scientific investigations on economic 
deposits of all kinds. It is illustrated by line maps, and in the 
variety of deposits and material discussed is more complete 
and thorough than any of the three similar bulletins that have 
been published by the Survey. 

There has been nothing undertaken by the Federal Survey 
in recent years in the interests of applied geology that can be 
regarded as having greater importance than these timely synopses 
of the most recent investigations on economic geology. The 
articles are usually written by men well versed in the subject, 
they can be read in a few moments by busy men occupied with 
practical matters, and serve to avert much of the adverse criti- 
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cism incurred by authors of more detailed geological reports on 
account of the delay which must always be inseparable from the 
preparation of elaborate scientific work. 

Mining is now conducted so rapidly that detailed geological 
work not infrequently appears only after the virtual exhaustion 
of many of the deposits concerning which reports are written. 

This annual bulletin of the Survey serves to place in the hands 
of operators all available information as soon as it has been 
obtained. 


THE INDEX to the first volume of Economic GEoLocy, num- 
bers 1 to 8, inclusive, will be issued with the first number of the 
second volume. It will be so bound as to be easily separated 
from the other material of the issue. 
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DISCUSSION 


This department has been established by the editors in order to afford to 
those interested in questions relating to economic geology an opportunity for 
informal discussion. Contributions are cordially invited either in the form 
of discussion of more formal papers appearing in earlier numbers or bearing 
upon matters not previously treated. Letters should be directed to the Editor, 
South Bethlehem, Penna. The full name of the author should be attached to 
all communications. 


DO THE GEOLOGICAL RELATIONS OF ORE DEPOS- 
ITS JUSTIFY THE RETENTION OF THE 
LAW OF THE APEX? 


Sir:—In any discussion of the law of the apex it must not be 
overlooked that we stand committed as a nation to the principle 
of extra-lateral rights, and that the mineral industry in the wes- 
tern states for forty years has been developed in conformity 
therewith. Every western mining district has become adjusted 
to the conditions arising from a legal recognition of such rights, 
and a return to the common law idea of possessory rights in real 
property, with its limitation to vertical planes projected down- 
ward from the superficial boundaries, would entail very serious 
difficulties. 

Questions of geology did not enter into the congressional dis- 
cussions of the mining bills when they were presented, and at 
the time when these were enacted into law such discussions would 
not have yielded permanently valuable fruits. The conceptions 
of the nature of ore deposits now held by geologists cannot in 
any large degree be said to equal in antiquity the law under 
which the mining industry in the western states exists. 

Up to the passage of the Act of July 26, 1866, no title could be 
obtained to any mines of gold and silver discovered on the public 
domain of the United States. These metals were then still held 
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to be inalienable from the State, following the ancient theory of 
the right of the sovereign to the noble metals. Mining rights 
were essentially leaseholds from the government, and a distinc- 
tion between ordinary holdings of real estate in fee simple, sub- 
ject to taxation on an appraised valuation, and the rights which 
one might acquire in mining claims, still dominated the mind of 
Senator Sherman when he introduced Senate Bill No. 257, on 
April 9, 1866, with the avowed object of a final disposal by the 
United States of its proprietary title to gold and silver mines. 
(See speech of Senator Sherman on this bill, June 18, 1866, 
Cong. Globe, First Sess., 39th Cong., p. 3236.) It was then 
proposed to levy a special tax of 3 per cent. upon the output of 
all mines as a means of helping to pay the national debt, and it 
was only through the efforts of western congressmen and sena- 
tors that the law then passed did not impose a tax of 5 per cent. 
upon the output. The bill was in its inception largely a fiscal 
measure, coupled with a sincere desire to improve the condition 
and opportunities of the miners, particularly through the conver- 
sion of mining rights into real property capable of valid convey- 
ance on a par with other real estate. 

The original bill, as drawn by Senator Sherman, was revamped 
in committee and issued a much more practical instrument than 
would have resulted but for the efforts of Senators Conness of 
California and Stewart of Nevada. These men were following 
the experience and conceptions of miners of the west, which were 
naturally crude, but superior to the ideas of the Senator from 
Ohio, whose knowledge of finance was sounder than his under- 
standing of geology. Senator Stewart’s contribution to what 
passed for technical elucidation of the bill was summed up in his 
statement in debate that “a vein pitches into a hill, and a perpen- 
dicular line would cut it up into pieces. This bill provides for 
selling the vein, following it into the earth, with its natural 
angles and dips.’ (Cong. Globe, First Sess., 39th Cong., p. 
3452.) The only additional attempt at a geological contribu- 
tion to the debate was a letter from an un-named mining opera- 
tor, introduced by Senator Williams of Oregon, which demon- 


strates how little congressional discussion of the technical ques- 
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tions involved was able to advancea realization of the truth as we 
now comprehend it concerning metalliferous veins. In part, this 
letter declares, “experience all over the world shows a very uni- 
form law that where true fissure veins have been discovered they 
may be relied upon for a gradual increase in width and richness 
to the greatest depth possible for the miner to obtain . . . Gold 
and silver quartz lodes are not like iron, or coal, or galena, or 
copper mines. They are generally found in narrow veins of one 
foot to five or seven feet in thickness, sometimes, though rarely, 
extending to fifteen or twenty feet. These stand often perpen- 
dicular, and sometimes with a slight dip or angle in the moun- 
tain. To measure and make sale of these by rods and acres upon 
the surface would be like measuring a string by square rule, or 
by determining the length and height of a party wall by cube 
measurement.” 

So uncertain was Congress upon technical questions that great 
latitude was allowed to local regulations of the miners in mining 
districts in the manner of locating and defining their claims, 
although onerous burdens were imposed in regard to the record- 
ing of claims, attestation by witnesses, and lengthy periods of 
publication of notices prior to the granting of title. But the 
law of 1866, regardless of deficiency in geological information, 
adhered fundamentally to the idea that a vein must be a well 
defined sheet between clearly recognizable bounding walls, and 
that the thing to which the miner must necessarily desire title 
was the vein, with slight consideration of surface rights. This 
idea was affirmed explicitly and repeatedly by decisions of the 
courts in cases arising under this act. Furthermore the principle 
of extra-lateral rights was stated in the most unequivocal terms, 
the text of the law on this point affirming the privilege of the 
discoverer of a vein “to enter such tract, and receive a patent 
therefor, granting such mine, together with the right to follow 
said vein or lode, with its dips, angles, and variations, to any 
depth, although it may enter the land adjoining, which land 
adjoining shall be sold subject to this condition.” 

Thus was error laid in the foundation of the legal structure, 
not through intent to do mischief, but from ignorance, for which 
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there were palliating excuses, and from the influence upon the 
minds of the legislators of a conception, almost as ancient as 
nations and governments, that gold and silver were things per- 
taining to a province apart from the ordinary concerns of men, 
to which the common rules of possessory right did not apply. 
The glamor and mystery of mining and of the manner of occur- 
rence of veins unsettled the sound practical sense of men who 
could deal wisely with other affairs which they more perfectly 
comprehended. 

The law of the apex was a sort of grouting poured in later to 
strengthen the weakness of the foundation, without remodelling 
its lines. The first use of this term was in Senate Bill 1103, 
introduced into the Third Sess. of the 41st Congress by Senator 
William M. Stewart on December 9, 1870. This bill was laid 
over by the House, but practically the same bill, containing the 
same terms, “top or apex,’’ was presented at the next session of 
Congress by Representative Aaron A. Sargent, a lawyer of 
Nevada City, California, which, after amendment in the Senate, 
became enacted into law on May 10, 1872. The object of this 
act was ostensibly to remove many of the burdens of routine in 
acquiring claims which weighed heavily upon miners under the 
law of 1866, and to define more clearly the surface rights which 
should accompany a claim to a lode or vein. Very curiously, 
no explanation of the terms “top or apex”’ was given in debate, 
nor were they so much as mentioned. The purpose of the 
words, however, is easy to deduce from the difficulties arising 
under the law of 1866, where no limitations by end lines were 
imposed, and the right to follow the vein with its angles, dips and 
variations had led to serious conflicts. The law of the apex, 
accordingly, combined as it was with a restriction within imag- 
inary bounding terminal planes, marked a distinct advance in 
determining the rights of locators of claims, modifying in impor- 
tant particulars the evils resulting from a departure from the 
common law idea of real estate tenure in conceding extra-lateral 
rights to owners of mining claims. 

The quarrel, then, cannot be so much with the so-called law 
of the apex as with the law of extra-lateral rights. The mean- 
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ing of the word apex is now no longer a matter for discussion. 
It is not what we may choose to define it, but what the courts 
have declared it to be, and this is perhaps most clearly stated in 
the charge to the jury by Judge Hallett in the case of Iron Silver 
Mining Co. v. Murphy (1 Morr. Min. Rep. 548), representing 
an epitome of previous judicial decisions, as follows: ‘‘ The top 
or apex is the end, or edge, or terminal point of the lode nearest 
to the surface of the earth. It is not required that it shall be 
on, or near, or within any given distance of the surface. If found 
at any depth, and the locator can define on the surface the area 
which will enclose it, the lode may be held by such location.” 

It becomes, then, a mere matter of fact whether such an apex 
does exist within the boundaries of a claim, which fact is usually 
capable of determination within reasonable limits of certainty. 
If the law of extra-lateral rights were repealed, the law of the 
apex, as a mere limitation thereof, would disappear also. 

If metalliferous veins did actually exist, with well-defined 
bounding walls, as simple sheets of lode-matter held in the earth 
as the ham is held in a sandwich, the injustice of the depar- 
ture made by Congress from the old ideas of rights in real estate 
extending toward the center of the earth within vertical bound- 
ing planes, would not be so apparent. In many respects it would 
add to the convenience and economy of mining operations, as 
our law-makers anticipated when the bill was passed. But the 
facts of experience fail utterly to confirm this simple assumption 
of the habits of veins. Although repeated court decisions have 
declared that the law has nothing to do with the genesis of veins, 
a proper conception of their peculiarities involves a consideration 
of origin, which must be taken into account in framing legisla- 
tion, even if the adjudication of controversy may be affected 
solely by the state in which individual ore deposits are found to 
exist. For example, we know that many veins have been formed 
along planes or zones of faulting, and it is a common experience 
to find that such fractures may be confined to fairly simple, well- 
defined planes at considerable depths, where the great pressure 
prevented complicated fractures, whereas toward the surface the 
lessened resistance from pressure permitted exceedingly compli- 
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cated fracturing, resulting in the production of numerous 
branches, or a reticulation of fractures, along many or all of 
which metalliferous minerals in valuable quantity may have been 
deposited. It is manifestly impossible to decide in many such 
cases which is the main vein and which the branch. There is 
often no geological preéminence discoverable. Priority of loca- 
tion would determine ownership, but there may be opportunity 
for conflict on this point. 

Again, veins frequently occur in rocks which have not been 
subjected to faulting or fissuring, the deposits occupying lines or 
zones favorable for the formation of ores owing to original pecu- 
liarities of physical structure or chemical composition in the 
parent rock, and such deposits are subject to extreme vagaries in 
shape and position, and may exist in the form of a complicated 
net-work, so that no single simple vein can be determined. An 
equally difficult case is presented in those deposits commonly 
known as masses, which bear no semblance to a vein within the 
meaning contemplated by the law of 1872. Being of irregular 
form, sometimes with equal extension in their two horizontal 
dimensions, with no single top or apex, and no ascertainable dip, 
except for some imaginary axis whose position cannot be known 
in advance of complete exploration of the deposit underground, 
every condition is absent for granting rights under the law to 
claimants with adjoining side lines which would admit of deter- 
mining extra-lateral rights that would not be in violent conflict 
with the limited geological conception upon which such rights 
could be conceded. 

The faulting of old veins by cross-fissures, with the subsequent 
mineralization of the new zone of fissuring, is another fertile 
source of confusion and conflict. 

The congressional conception of a vein in the days when the 
laws of 1866 and 1872 were passed involved as an essential con- 
dition the existence of bounding walls. Thus and thus only 
could a vein be certainly followed “with its dips, angles, and 
variations ” beyond the superficial boundaries of a claim. Veins 


do sometimes possess walls. In fact, an engineer of wide expe- 
rience must admit that they usually do. That has nothing to do 
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with the genesis of walls, for the existence of bounding walls as 
a condition precedent to the formation of veins cannot be granted 
except as a merely occasional circumstance. The “wall,” as a 
recognizable parting plane between vein and “country rock,” is 
more apt to be an after effect from chemical action, kaolinization, 
sericitization, and often from subsequent faulting along planes 
parallel with the inclined axis of the lode. But in a great 
many cases no “ wall,’ as a continuous phenomenon throughout 
the extent of the vein, can be definitely recognized, and this is 
particularly true of those veins which by their great size and 
high commercial value have become the basis for the largest per- 
manent mining industries. Thus the law fails precisely where 
protection to the most extensive interests is at stake, because in 
form and character, and from the absence of clearly bounding 
walls, our greatest veins do not in a large majority of cases con- 
form to the geological prescription of the law-makers. Occa- 
sionally we do find a great vein serving as a beautiful type of 
what Senator Stewart had in mind, as, for example, the Smug- 
gler-Union vein near Telluride, Colorado, but how much more 
often do we find irregular ore masses, such as the familiar ex- 
ample of the Copper Queen in Arizona, among copper mines, 
and the Yellow Aster deposit in California, among gold mines! 

Congress had no corps of geologists with whom to advise in 
1866, nor even in 1872, although by the latter date they had dis- 
covered Dr. Raymond and Clarence King, but the Geological 
Survey was not established until 1879, and legislation was sub- 
ject to the controlling influence of the untrained and _half- 
informed theorist (an abundant class among so-called “ practical 
miners’), more than of the trained and experienced mining 
engineer. 

It is hardly to be doubted that the unwisdom of the law of 
extra-lateral rights has been borne in with convincing force upon 
the minds of our best informed congressmen, so that remedial 
legislation might be obtained, if a way could be shown whereby the 
reform might be accomplished without embarrassment to immense 
vested interests, based upon anticipations of resources secured 
to them under the old law. The owners of those close-packed 
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phalanxes of mining claims surrounding all great mines, some- 
times honest men, but quite likely to be rascals holding on in the 
belief that the chief operators must eventually pay their price, are 
in a position to profit unjustly to the serious injury of established 
enterprises by a sudden stripping off of the extra-lateral right, 
and this prohibits such a course absolutely, for no alternative of 
governmental indemnity on so vast a scale could be entertained. 
We have admitted the royal Spanish land grant into the south- 
west, an exotic among the rank and file of holdings under United 
States patents, and so we would be obliged to nestle a brood 
of titles carrying extra-lateral rights abhorrent to the geological 
mind, hatched from the eggs of misunderstanding, in order to 
straighten out the course of future mining rights. It is difficult 
to see how the old established mining camps can be brought 
under a new law denying the extra-lateral right. But because 
a law framed in error as to the actual nature of veins, and con- 
ceding unjustifiable rights which work serious hardship, has also 
become the safeguard of immense vested interests, is no reason 
why the error should be perpetuated in relation to those mines 
which yet remain to be found. Because such camps as Butte and 
Bisbee and Bingham are so very great, is no reason why other 
greater ones may not exist in future where no mineral deposits 
are known to-day, and it is unnecessary to afflict these, future 
camps with such disastrous legal warfare as has waged in almost 
every important western mining district over questions arising 
under the law of the apex and extra-lateral rights. 

Yet the difficulty'and delicacy of the task which would con- 
front Congress in its efforts to improve the legislation affecting 
mines discovered on the public domain, may not be minimized, 
and account must also be taken of the powerful interests which 
justly would jealously watch and seek to guide legislation in 
order that they might not be sacrificed in a movement for reform. 

The reform is needed, and it will become more difficult to 
effect with each year that it is postponed. It would seem that 
the American Congress of Mining has made a very proper 
move in this matter by preparing, through a committee appointed 


for this purpose, the draft of a bill designed to achieve the end 
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in view. After a wholesome demolition of parts of such a 
bill in congressional debate (for it should in no sense be, nor 
be permitted to become, a party measure to be passed in cau- 
cus and confirmed perfunctorily on the floor), our law-makers, 
and mine operators, and mining engineers may discover how 
to effectively codperate in the production of a sound and prac- 
tical instrument fit for permanent enrollment among the statutes 


of an intelligent nation. 


CourTENAY DEKALB. 
Los ANGELES, CAL. 


Sir:—Extra-lateral rights, to the dip, bounded by the produc- 
tion of the planes passing through the end lines, together with 
a claim 1500 ft. long by 600 ft. wide, existed in British Columbia, 
at least as far back as 1884—which was prior to any productive 
lode mining—and continued until April 23rd, 1892, when it was 
repealed and a rectangular claim 1500 ft. by 1500 ft. was substi- 
tuted therefor with rights only within four vertical planes 
through the four sides. 





This Act of 1892, of course, did not invalidate any rights 
acquired prior to its passage. 
These 


‘ 


‘old style claims” have proved a fruitful source of 
litigation and some important suits are still pending. With the 
vertical lines there can be no dispute except as to accuracy of 
survey, with occasional disputes as to identity and location of 
record posts, which troubles are incident to any style of location. 

In making the change from 600 to 1500 ft. wide, it was in- 
tended, by the extra width given, to about compensate the miner 
for the loss of the extra-lateral rights. 

I have been all over British Columbia and have probably come 
in contact with a greater number of mining men, both operators, 
miners and prospectors, than any one else and I have only found 


€ 


one man who even suggested a preference for the “ extra-lateral 
rights” system. 

This gentleman lived the greater part of his life in California 
and is by profession a hydraulic placer miner, to which branch 
alone he has confined his attention in British Columbia. 


This public endorsement of the vertical boundaries system is 
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the more emphatic, inasmuch as a majority of our mining men 
are from the United States, or have had their experience there; 
they came with pre-conceived ideas and have been converted. 

The public in British Columbia is firmly fixed in its adherence 
to this principle. 

Personally, from the standpoint of a disinterested observer, 
obliged officially to observe, I have not the slightest hesitancy in 
endorsing most emphatically vertical lines, in preference to 
as giving a more secure title—freedom 





extra-lateral rights 
from litigation and the doing away with the crushing, through 
weight of expensive litigation, of the poor by the richer indi- 
viduals or corporations. 


WiLL1AmM F. RoBeErRTSON, 
Provincial Mineralogist. 
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The Geology of the Granby Area. By E. R. Bucktey and H. A. 
BuEHLeER. Vol. IV., 2d ser., Missouri Bureau of Geology 
and Mines, 1906. 

The detailed study and mapping of the Granby area by Buck- 
ley and Buehler have yielded conclusions of more than local sig- 
nificance in the interpretation of the history of the development 
of the lead and zinc ores of the Mississippi Valley. 

The Granby district lies some twenty-five miles to the south- 
east of the Joplin district in southwestern Missouri. The coun- 
try rock is Mississippian limestone, 260 to 380 feet thick, uncon- 
formably overlain by Pennsylvanian conglomerate (Granby con- 
glomerate), shale and sandstone, occurring in small isolated 
patches usually following topographic depressions in the Missis- 
sippian limestone. The ores now mined are chiefly blende, for- 
merly chiefly calamine and galena. They are found in the 
Granby conglomerate and in the immediately underlying parts of 
the Mississippian; in other words, usually within or adjacent to 
depressions in the pre-Pennsylvanian topography. The ores are 
in “runs” with a comparatively great depth as compared with 
width, though the depth is not more than 215 feet and is for the 
most part less than 150 feet. Within a run are several openings 
separated by beds of flint from three to twenty feet thick. Near 
the surface there is the usual oxidized zone. 

Concerning the origin of the ores it is concluded: (1) that 
the ore bodies have been the result of concentration through a 
process of solution and re-deposition brought about by down- 
ward circulating water; this process may have been interrupted 
by changes in the elevation of the land as a result of cycles of 
base-leveling; (2) that the original source of the metallic min- 
erals has been chiefly the Pennsylvanian shales, sandstones and 
811 
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limestones ; (3) that the agent of solution and transportation has 
been meteoric water; and (4) that solution and deposition were 
dependent mainly upon the composition of this water and the 
nature of the rock through which it might be passing. This 
statement of conclusions is somewhat amplified below. 

The downward circulation involves lateral secretion. The 
waters are partly oxidizing and carry the metallic salts, and are 
partly reducing and alkaline, the convergence of waters resulting 
in the precipitation of the ores. The same waters which are 
doing the work of the oxidized zone above are depositing metallic 
sulphides below. 

The source of the ore and the associated dolomite, calcite, 
silica and pyrite is the Pennsylvanian which has been eroded. 
The presence of organic matter in the Pennsylvanian is believed 
to indicate favorable conditions for the precipitation of lead and 
zinc during the Pennsylvanian sedimentation. The ultimate 
source of materials for this sedimentation may have been the 
Cambro-Silurian and crystalline rocks. It is thought that the 
ores were originally precipitated near the Pennsylvanian shore. 

Earlier and later periods of concentration are distinguished in 
the ore deposits, all of them, however, being the result of down- 
ward moving waters. It is noticeable that the removal of the 
sulphides, carbonates and silicates from the zone of weathering 
to deeper levels has in many places lagged behind the surface 
weathering. Especially is this true of the galena and carbonate 
minerals, which in the Granby area have been found in their 
greatest richness near the surface, often at the “grass roots.” 
At least three-fourths of the galena mined has been obtained 
within 60 to 70 feet of the surface. This condition may be due 
in part to the greater stability of the lead ores within the zone 
of weathering, but mainly to the fact that it was the chief hori- 
zon of the early concentration of the galena from the convergent 
downward circulation. 

Considerable space is given to pointing out the differences 
between the conclusions reached and those of other workers in 
the Mississippi Valley, especially Van Hise and Bain, who hold 
that the Missouri ores have undergone two concentrations, the 
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first by artesian waters circulating through the Cambro-Silurian 
and coming to the surface through fault and joint planes inter- 
secting the Devono-Carboniferous shale and Mississippian, depos- 
iting the ores in part under the reducing influence of organic 
material from the Devono-Carboniferous; the second concentra- 
tion due to downward moving meteoric waters directly from the 
surface. The source of the ore in this case would be principally 
from the erosion edges of the Cambro-Silurian or the imme- 
diately adjacent crystallines. 

That the concentration of the ores has occurred under con- 
tinuous downward circulation, collecting its salts from the Penn- 
sylvanian above, instead of partly during an upward circula- 
tion collecting its salts from the Cambro-Silurian below, is be- 
lieved by Buckley and Buehler to be brought out by the following 
facts: (1) The greater abundance of lead, zinc and iron salts in 
the overlying Pennsylvanian than in the underlying Cambro- 
Silurian, due to precipitation by the abundant organic material 
of the Pennsylvanian during its sedimentation. (2) In certain 
parts of the state the occurrence of zinc ores in pockets with 
coal where it could not have been deposited from below but must 
have come from the Pennsylvanian above. (3) The fact that 
all of the salts in the overlying rocks which had been eroded 
would be contributed, while only a very minute part of those in 
the underlying rocks would be available. (4) The Pennsyl- 
vanian furnishes an adequate source of the dolomite which had 
been thought necessarily to have come from the underlying 
Cambro-Silurian. (5) The streams from the highlands entered 
the Pennsylvanian ocean at irregular intervals and deposited their 
salts close to the shore, thus explaining the present local distri- 
bution. (6) The faults supposed to furnish the egress for the 
deep circulation are found not to be sufficiently extensive for this 
purpose, the irregularities in surface distribution which had been 
taken as evidence of faulting being due to unconformity of the 
Mississippian upon the Pennsylvanian, and the supposed fault 
breccias near the contact being really basal conglomerates of the 
Pennsylvanian or solution breccias. (7) The mine waters now 
depositing ores fluctuate in abundance with the seasonal rainfall, 
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indicating their derivation directly from the surface rather than 
from an artesian circulation, which would be constant. (8) 
Analyses of the deep artesian waters from the Cambro-Silurian 
yield little or no lead and zinc, while such are abundant in the 
mine waters supposedly from the surface. (9) If the ascend- 
ing waters were neutral or alkaline, the salts of lead, zinc and 
iron would be thrown down in intimate association. If the 
waters were acid, the galena would be thrown down first; that 
is, below, and the zinc and iron salts carried farther and depos- 
ited above. The present distribution is the reverse of this, the 
galena being above and the iron below. While this reversal may 
be due to later concentration by waters directly from the surface, 
it is thought, on the basis of the quantitative relations of the 
lead, zinc and iron, that this would involve a greater erosion of 
the Mississippian and secondary concentration than there is evi- 
dence for. 

The evidence and arguments presented by Buckley and Buehler 
undoubtedly favor the conclusion that the Granby ores are de- 
rived from the Pennsylvanian formation. To a striking degree 
the conclusions resemble those of Chamberlin for Wisconsin in 
the emphasis on downward moving waters as the agents of trans- 
portation. Nevertheless, the alternative hypothesis of the deri- 
vation of the ores from the Cambro-Silurian is still favored for 
southwestern Missouri in general by Van Hise and Bain, whose 
field work, principally the latter’s, was largely in parts of south- 
western Missouri outside of the Granby district. In this connec- 
tion it may be pointed out that some of the arguments presented 
for the derivation of the ores from the Pennsylvanian do not, 
in the reviewer’s opinion, entirely exclude the alternative hypoth- 
esis—the primary derivation of the ores from the Cambro- 
Silurian. For instance: (1) It is argued that the waters could 
not come from below because faults are not as important as pre- 
viously thought to be, though both faults and joints are present. 
Further evidence is needed to show that there may not still be 
sufficient fracturing to afford channels or escape for deep flowing 
waters; (2) the argument that the mine waters fluctuate with the 
seasonal precipitation does not necessarily show that part of the 
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waters may not come from the artesian circulation. If the arte- 
sian circulation is constant in amount, then variation in the total 
amount with the seasons is to be expected. (3) The conclusion 
that the original (authigenetic) disseminated ores are more 
abundant in the Pennsylvanian than in the Cambro-Silurian and 
that the widely distributed ores of the Cambro-Silurian are really 
themselves secondary is based on the belief that the conditions 
for the original precipitation of ore were theoretically more 
favorable during the deposition of the Pennsylvanian than of 
the Cambro-Silurian, for it is obviously difficult to show by obser- 
vation that the ores in the one case are secondary and in the 
other case original. In arguing a theoretical probability a large 
number of factors must be taken into account which render 
the conclusion anything but certain. It might be noted, for in- 
stance, that the lead and zinc salts of the Cambro-Silurian are 
associated with chemical sediments, limestone, while in the Penn- 
sylvanian they are associated with mechanical sediments; that 
the former conditions may have been more favorable for trans- 
portation to the sea than the latter; that the association with 
organic material in the Pennsylvanian may account for precipi- 
tation and not for transportation. (4) If the ores are derived 
from the Pennsylvanian during its erosion, ores should be abun- 
dantly found near the surface in parts of the Pennsylvanian only 
partially eroded. (5) The greater abundance of lead and zinc 
salts in mine waters than in deep-flowing waters is to be ex- 
pected under any conditions. (6) Whether the waters are acid, 
alkaline or neutral is still to be proved. Buckley and Buehler 
believe, largely from theoretical considerations, that the waters 
contain acid sulphates, and therefore conclude that the present 
vertical order of the ores could not be explained as a result of 
deposition by upward moving solutions except as modified by a 
later downward concentration, which they do not think has been 
sufficiently effective to accomplish this result. Van Hise and 
Bain believe that in general the waters are alkaline and neutral 
and therefore such as to explain the present vertical concentra- 
tion by an upward circulation modified by a later downward con- 
centration. 
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Aside from the conclusion as to the source of the ores, the 
differences between the conclusions of Buckley and Buehler and 
those of Van Hise and Bain are not as fundamental as would be 
indicated by the emphasis on contrasting terms “upward con- 
centration’”’ and ‘downward concentration.” Under either 
theory the conditions of solution and transportation of the ores 
are much the same, solution goes on largely during the down- 
ward movement in both cases, there is in each case a much larger 
lateral movement than either upward or downward, the condi- 
tions of precipitation are the same in both cases, and in both cases 
there are two or more concentrations, whether these be called 
first and second, or earlier and later. 

The report as a whole, while somewhat controversial in its 
tone, is a valuable and most significant contribution to the dis- 
cussion of the genesis of the lead and zinc ores of the Mississippi 
Valley. Geologists will look with much interest for the results 
of the authors’ further work in the Missouri districts. 

C. K. Leira. 


Geological Map of Illinois, The. By Sruarrt WELLER. Bulletin 
No. 1, State Geological Survey, Urbana, 1906. 


The recently organized geological survey of Illinois has early 
exhibited a commendable activity by issuing three bulletins. 

The first of these bulletins contains a geological map of the 
state with a brief explanatory text setting forth the sources from 
which the information was derived and giving a short discussion 
of the various formations exposed in the state. 

As stated in the prefatory note by the director the map is a 
compilation and not the result of original work—the object of 
the Survey officials being to place in the hands of the public as 
soon as possible such information as had already been accumu- 
lated both by previous state surveys and other investigations. 
The map therefore cannot be as searchingly criticised as those 
which are from time to time to follow it when more extensive 
original work has been accomplished. 

The map is compiled from a number of sources. The old map 
of the Worthen Survey in 1876 is the chief source and like many 
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of the early state surveys it is quite lacking in the detail of the 
more careful work which will be carried on in future. Other 
sources are a map published in the seventeenth annual report of 
the U. S. Geological Survey by Frank Leverett, published work 
and field work of J. A. Udden, O. H. Hershey and George 
Matson and a detailed map of a small area published by the U. 
S. Geological Survey in connection with the investigations on the 
zine and lead deposits of the Mississippi Valley. 

The map thus varies in accuracy in different portions accord- 
ing to the relative accuracy of the different sources. 

The map is on a scale of twelve miles to the inch—a scale 
which materially decreases its usefulness for economic purposes 
but is probably as large as the accuracy of the original sources 
would permit. Coal mines are indicated by red crosses, their 
locations having been determined from the Peabody atlas. 

A legend accompanies the map showing the formations de- 
picted and having on one side a description of the lithological 
character of the several members and at the other a description 
of the more salient features of the economic products occurring 
in those members. The latter feature seems to emphasize the 
economic purpose of this work which is further evident through 
all of the discussions in the text and also in the Director’s pref- 
ace. Five geological periods are represented: Ordovician, Si- 
lurian, Devonian, Carboniferous and Tertiary, and of these the 
Ordovician and Carboniferous are sub-divided into four and 
three sub-divisions respectively, a degree of detail which would 
hardly seem warranted by the accuracy of the information were 
it not for the confessed preliminary nature of the work. 

Three columnar sections appear on the left-hand edge of the 
map, one representing the formations in northern Illinois, an- 
other those in central Illinois and the third those in southern 
Illinois. 

The Survey of Illinois has followed the custom of the United 
States Geological Survey in the choice of colors to represent for- 
mations and in the system by which one color is made to serve 
for several different formations, the areas being distinguished 
by different symbols. It has also followed the plan of repre- 
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senting the subordinate divisions of one geological age by shades 
of the same color. Thus the Carboniferous is represented in 
blue, the coal measures by light shades and the Mississippian by 
a darker shade of the same color. This would seem to the 
writer to be the inauguration of an unfortunate custom, one 
which might in some measure have impaired the value of the 
otherwise truly admirable folio atlases of the United States 
Geological Survey if separate economic maps were not published 
together with those representing the areal geology. The Illinois 
Survey is publishing but a single map and it should for this rea- 
son be made as serviceable as possible. 

A geological map is designed to represent the outlines of the 
several formations and this can be accomplished only by a marked 
contrast between adjoining and differently colored areas. The 
sub-divisions of the Carboniferous if represented by shades of a 
single color blend into one another so that the line of demarca- 
tion cannot be seen and it is often only by running over the whole 
map with a pencil along a faint and indistinguishable line that 
areas of a single sub-division may be made out. And yet it is 
the sub-divisions that are especially important as they are fre- 
quently made on economic grounds. ‘Thus it is not the line of 
demarcation between the Devonian and the Carboniferous that 
is important to a coal operator—it is the line between the sub- 
divisions of the Carboniferous, between the area of thick work- 
able coals and that of thin unworkable coals and yet this is 
exactly the boundary that is so indistinct as to be practically 
invisible. Adjoining areas should be represented by strongly 
contrasted colors and especially so where the boundary has a 
marked economic significance. This custom of coloring sub- 
divisions of a single formation in shades of the same color would 
seem to have arisen from a desire for system and unity, to which 
other conditions were apparently rendered subservient. 

Let the Illinois Geological Survey exhibit its independence and 
break away from a custom that, in the opinion of the reviewer, is 
detrimental to the economic interests of geological mapping. 

J. D. Irvine. 
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Boring Operations in the German Gold Fields. Pet. Rev., Sept. 15, 1906. 
Broken Hill Silver Mines. By JoHN PLumMMeER. Mining World, Sept. 
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Burro Mountain Copper District. By S.S. Lance. Eng. and Min. Jour- 
nal. Vol. 82, No. 9, Sept. 1, 1906. Pp. 395, 396, with diagram and 

illustrations. 

Calumet & Hecla Company’s Properties. By A. L. CARNAHAN. Mining 
World, Oct. 13, 1906. 

Cape Nome Placers. By E. B. Witson. Eng. and Min. Journal, Oct. 
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Carolina Tin Deposits. By Franx L. Hess. Engineering Magazine. Pp. 
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Coal Analysis. By C. CocHran. Jour. Elec. Power and Gas. 
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U. S. Geol. Survey Bull. 285. Washington, D. C., 1906. 

Coal Fields of the Kachemak Bay Region. By Ratpu W. Srong, U. S. 
Geological Survey. Bulletin No. 277. 21 pp. and 6 plates. 

Coals of the Big Sandy Valley, South of Louisa and between Tug Fork 
and the Headwaters of the North Fork of Kentucky River. By 
ALBERT R. CRANDALL. Kentucky Geological Survey, Bulletin No. 4. 
Pp. 141. Lexington, Ky., 1905. 

Coal Resources of the Kenova Quadrangle. By Wm. C. PHAten. U. S. 
Geol. Survey Bulletin 285. Washington, D. C., 1906. 

Cobalt Mining District. By Roperr Bett. Can. Mining Review. 

Columbia River and Puget Sound Drainages. By D. W. Ross, J. T. 
Wuist Ler and T. A. Nose. U. S. Geological Survey, Water-Supply 
and Irrigation Paper No. 178. Pp. 234, with 1 plate and 2 figures. 
Washington, 1906. 

Contributions to Economic Geology in 1905. Bull. U. S. Geol. Survey 
No. 285. 422 pages. 1906. Published also in separate pamphlets for 
the different topics. 

Copper at Butte, Montana. By ArtHur H. Hatioran. Mining and 
Scientific Press. Vol. XCIII, No. 6, August 11, 1906. Pp. 169-172, 
with illustrations. 
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SARGE. Pp. 822. Text-band und Karteband. Berlin, 1904. 

Ketchikan, Alaska. By H. W. Turner. Mining and Scientific Press. 
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Water Powers of Northern Wisconsin. By Lronarp S. Smiru, U. S. 
Geological Survey. Water-Supply and Irrigation Paper No. 156. 
Pp. 137, with V. plates and 5 figures. Washington, 1906. 

Weber River Coal Field, Utah. By J. A. Tarr. U.S. Geol. Survey Bull. 
285. Washington, D. C., 1906. 

Wisconsin Zinc Fields. Special Correspondence. Eng. and Min. Jour- 
nal. Vol. 82, No. 7, August 18, 1906. Pp. 294-296, with illustrations. 
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SCIENTIFIC NOTES AND NEWS' 


THE TENTH INTERNATIONAL GEOLOGICAL 
CONGRESS. 


The convening of the Tenth International Geological Congress 
under the auspices of the Mexican Geological Survey in the City 
of Mexico during the months of September and October just 
passed is an event of great importance to geologists and mining 
engineers, not only on account of the interesting and valuable 
papers which were there presented, but on account of the interest 
in scientific questions which has been aroused by the presentation 
of the results of research and the collaboration of men interested 
in similar lines of work. It is probable that most conventions, 
and particularly those designed for scientific purposes, have a 
value for the furtherance of research which is somewhat dispro- 
portionate to the results as expressed in the published records of 
their deliberations. Men who attend such conventions do not 
do so simply for the purpose of hearing formal readings of 
papers presented by the attending members. They go for the 
purpose of discussing informally with other men occupied with 
similar work such questions as may be brought up on the sub- 
ject in which they are interested—to talk with those holding 
different views, to learn so far as possible to appreciate the rea- 
sons which have caused differences of opinion, to carry away 
with them broader, more liberal views and gain a closer approach 
to scientific truth than can be done in any other way. 

The sessions of the Congress held in the City of Mexico were 
from the sixth to the fourteenth of September, inclusive. 


* Geologists, mining engineers and others interested in applied geology are 
invited to keep the editor informed of new investigations of mining districts 
or scientific studies undertaken by them, together with such other scientific 
and personal items as may come to their notice. 
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The Mexican Committee on Organization, with the assist- 
ance and encouragement of the Mexican government, had made 
very complete arrangements for the sessions and excursions, and 
the Geological Institute of Mexico provided meeting rooms and 
an assembly room fitted with a Bureau of Information and a 
telegraph, cable and post-office. 

The Council of the Congress met on the sixth of September 
at 8:30, formally approved the program provided by the Com- 
mittee on Organization, and elected officers for the Tenth Con- 
gress. The new officers chosen were: President, Don José G. 
Aguilera, Director of Geological Institute of Mexico; secretary- 
general, Don Ezequiel Ordofiez, sub-director of the Institute; 
vice-presidents from each nationality represented, and several 
assistant secretaries. These officers constituted the Council of 
the Tenth Congress and will elect their successors at the Eleventh 
Congress to be held in Stockholm in 1909 or 1910. 

The sessions were formally opened in the historic building of 
the National School of Mines by His Excellency, General D. 
Porfirio Diaz, President of the Republic, under whose high pat- 
ronage the Congress was held. This was a most solemn and 
noteworthy occasion and the local papers later referred to the 
gathering present as one of the most distinguished ever assem- 
bled in the Republic of Mexico. 

Following the opening the general sessions were instituted 
and continued through the week, interrupted only by short excur- 
sions to the great lava flow of Qedocoal, south of the city, to the 
historic city of Cuernavaca, and to the famous silver mines of 
Pachuca. Among the most interesting and important of the 
papers presented were those of the two sessions of Monday, Sep- 
tember tenth, which day was devoted to economic geology. 
These included papers upon the following subjects: ‘“ Some Re- 
lations of Palaeogeography to Ore Deposition in the Mississippi 
Valley,” by H. Foster Bain; “The Distribution and Origin of 
the Gold Placers of Alaska,” by A. Brooks; “Upon the Re- 
lations between the Propylitic State (Greenstone) of Ande- 
sites and the Genesis of Veins within this Rock,’ by B. von 
Inkey; “Ore deposits at the Contacts of Intrusive Rocks and 
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Limestones and Their Significance as regards the general Forma- 
tion of Veins,” by J. F. Kemp; “ Upon the Genesis of the Metals 
of Aluminium of Bihar,” by J. Szadezcky ; “ Upon the Filling of 
Some Metalliferous Veins,” by J. D. Villarello; and finally a very 
important contribution upon the “ Origin and Classification of 
Ore Deposits,” by W. H. Weed. 

Preceding and following the sessions long excursions were 
given under the patronage of the government, the excursions to 
the north through the great mining districts of Mexico, be- 
ing a particularly valuable trip. Every provision was made for 
the comfort of the guests of the Republic and the officers of 
the National Geological Institute were most efficient and cour- 
teous geological guides. They prepared and distributed to the 
visiting geologists a most comprehensive geological guide-book 
which added greatly to the information obtained under their 
personal guidance during the trips. 

Among the many brilliant and magnificent receptions tendered 
the visitors was that given on the evening of September 12 by 
President and Mrs. Diaz at the historic Castle of Chapultepec. 
It was with most cordial appreciation of the greatness of the 
President and the graciousness of his most charming wife that 
the geologists voted this beautiful reception the most delightful 
evening of their stay in Mexico. 

The Prix Spendiaroff, given every three years by M. Spen- 
diaroff, of Russia, in memory of his son, a geologist, who lost 
his life in one of the excursions of the St. Petersburg meeting 
of the Congress, was this year awarded to Professor Th. Tsch- 
ernyschew, Director of the Geological Survey of Russia, for his 
work entitled Die Obercarbonischen Brachiopoden des Ural und 
des Timan. 

Among the names of the large number of members and dele- 
gates noted at the Tenth Geological Congress were: Adams, Dr. 
F.; Aguilar y Santillan, R.; Aguillera, José G.; Anderson, Tem- 
pest; Bain, H. Foster; Bascom, Miss Florence; Becker, Dr. G. 
F.; Bergeat, Dr. A.; Bose, Dr. Emilio; Bryant, H. G.; Cadell, H. 
M.; Chamberlain, Dr. T. C.; Cleland, H. F.; Coleman, A. P.; 
Credner, Professor Dr. H.; Danlos, J.; Darton, N. H.; David, 
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T. W. E.; Davis, W. M.; Diener, Dr. C.; Eckert, K.; Emmons, 
S. F.; Fairchild, H. S.; Frech, Dr. F.; Freudenberg, Dr. W.; 
Friedlander, Dr. E.; Grassner, P. A.; Giinther, Dr. S.; Hackman, 
Dr. V.; Halet, I. E.; Hammer, Dr. W.; Hayes, C. W.; Heilprin, 
Professor A.; Hlswatsch, Dr. K.; Hobson, B.; Hovey, Dr. E. 
O.; Iki, T.; Janischewsky, M. E.; Keilhack, Dr. K.; Kemp, Pro- 
fessor J. F.; Keyes, Dr. C. R.; Kimmel, H. B.; Lamothe, Gen. 
S.; Lawson, Professor A. C.; Leith, Dr. C. K.; Low, Dr. A. P.; 
Manson, Marsden; Matuschka, Dr. Graf. von; Miller, Professor 
A. M.; Miller, W. G.; Mufioz, R.; Orddfiez, E.; Osann, Dr. A.; 
Philippi, Dr. E.; Plagemann, Dr. A.; Reid, Professor H. F.; 
Richards, Dr. J. W.; Ries, Professor H.; Ross, Dr. H.; Roth- 
pletz, Dr. A.; Sabatini, V.; Schenck, Dr. A.; Schmidt, Professor 
Dr. A.; Schuchert, Professor C.; Shepard, Professor E. M.; 
Sjogren, Dr. H.; Smith, Dr. W. O.; Stepanescu, Professor G. ; 
Tietze, Dr. E.; Tschernyschew, Dr. T.; Wahl, Dr. W.; Weed, 
W. H.; Wolff, J. E.; and Woodward, Dr. J. B. 


Tue Nintu ANNuAL MEETING of the American Mining Con- 
gress held its first session in Denver, Colorado, on October 16. 
The session was largely attended by representatives of the west- 
ern mining industry. An address of welcome was delivered by 
Governor McDonald of Colorado and Mayor Speer of Denver. 
Papers were read at the afternoon session held in the Broadway 
Theatre. Some important papers were those of Mr. E. W. 
Parker of the United States Geological Survey on the necessity 
of more vigorous action toward reducing the high accident rate 
characteristic of American coal mining; J. A. Holmes on the 
methods adopted by European governments in officially safe- 
guarding the lives and health of mine workers; T. A. Rickard 
on the geological distribution of gold, and John Dern on the min- 
eral resources of Utah. 

At the evening session a discussion was opened by D. W. 
Brunton on mine drainage districts which was vigorously taken 
up and thoroughly discussed. It concerned the enactment of a 
law to ameliorate the somewhat varying practice of mine 
drainage. 
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It will be a source of some satisfaction to mining engineers to 
follow the deliberations of this Congress and note that there 
seems to be a firm resolve among the mining men of the country 
to advance the interests of mining and particularly to bring 
about the betterment of our federal and state laws. 

It is now better understood than heretofore that the Mining 
Congress is not a body organized for the discussion of scientific 
questions—a fact which has not at all times been sufficiently clear 
to avert the feelings of disfavor with which the Congress and its 
work have been regarded in some quarters. 

The aims of the Congress are largely of a political nature and 
the ends which it is hoped may be accomplished are well worthy 
of the careful consideration of mining engineers in all parts of 
the country. The defects of our federal and state mining laws 
are so glaring and their inapplicability to the conditions of nature 
and the interests of the mining public are now so apparent that 
no doubt exists as to the necessity for change. That such change 
can come only after persistent concerted action by men whose 
opinions are respected and will weigh with the general public 
cannot but be fully recognized. If the future meetings of the 
Congress will confine their attention, as has in this case been 
done to the amelioration of present conditions and will avoid the 
detailed discussion of scientific questions much may be accom- 
plished. Such conventions as this are so often occupied largely 
in the determination of the place and date of the next meeting 
that frequently nothing is accomplished. Denver is to be con- 
gratulated on the effectiveness with which the work of the Con- 
gress has been done and mining engineers may now hope for 
some definite results as the outcome of future meetings. 





AccorDING to the Canadian Mining Review, Mr. D. D. Cairnes 
has reported the discovery of rich quartz lodes carrying free gold 
and sylvanite in the region about Lake Bennett in southern 
Yukon. The discovery was made by the geological survey party 
after diligent search and is one of the many instances in which 
the Canadian Geological Survey has taken an active part in the 
opening up and development of a new mining region. If the 
reports are not exaggerated the Lake Bennett district bids fair 
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to see deep mining carried on on an extensive scale in the near 
future. 

THE RoyaLt CoMMISSIONER on Coal Supplies of Great Britain 
has issued a series of extremely valuable volumes containing an 
immense amount of information as to the available coal of the 
British Isles, its occurrence, estimated worth, quality, accessi- 
bility, etc. Some of these volumes will be later reviewed in 
Economic GroLoey and it is believed that they will be of unusual 
interest to those interested in the world’s coal supply. They may 
be purchased of Wyman & Sons, Fetter Lane, London, E. C. 

Mr. F. H. Hatcu, formerly geologist for the Consolidated Gold 
Fields of South Africa, has removed to London and has now an 
office at Lewis & Marks, 37-39 Threadneedle House, Bishopgate 
Within, London. 

SoME valuable deposits of copper ore have lately been discov- 
ered in the Whitehorse district of the Yukon Territory. 


DuRING THE SUMMER just passed the economic work of the 
United States Geological Survey has been carried on by the fol- 
lowing parties: 

Mr. F. L. Ransome has, late in the season, taken up the eco- 
nomic geology of the Tombstone district, Arizona. 

Mr. L. C. Graton has investigated the effect of hydraulic 
mining and stream erosion in the Sacramento Valley. 

Mr. Ralph Arnold has examined the oil fields of southern and 
central California. 

Mr. H. S. Gale has studied the coal fields in Colorado on the 
White River, while Mr. Wm. K. Shaler has continued work in 
the Durango field. 

Mr. A. Keith in November began geologic work on the Dahl- 
onega quadrangle, Georgia. 

Mr. W. H. Emmons is still at Phillipsburg, Montana, engaged 
in the study of the economic geology of that quadrangle. 

Mr. A. J. Collier is engaged in an extensive geologic recon- 
naissance of the Colville Indian Reservation. 

Mr. S. H. Ball is investigating the Hartville iron ores of 
Wyoming. 
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THE EXTENSIVE GEOLOGICAL WORK which is being conducted 
by the Canadian Geological Survey is rapidly bringing within 
the field of knowledge much of the great unexplored territory 
of the northern part of the continent of North America. A 
glance at the geological map of North America recently pub- 
lished by the International Geological Congress will show how 
much of this northern territory has been covered. Detailed work 
is progressing rapidly. The work of some of the members of 
the Survey may be of interest to our readers and is given below: 

Mr. R. G. McConnell and Mr. J. Keele, with a large field 
party, have been engaged on the estimation of the amount and 
value of the high-level gold-bearing gravels of the Klondike and 
its tributaries. 

Mr. D. D. Cairnes spent the past summer investigating the 
geology of the country near the British Columbia-Yukon boun- 
dary line where a number of important discoveries have been 
made of gold, silver and copper. The gold is found in long 
quartz reefs and frequently occurs in telluride ores. 

Mr. W. Leach explored the Bulkley Valley on the upper part 
of the Skeena River through which the Grand Trunk Pacific 
Railway will pass. He traced and mapped the important coal 
and copper deposits of that district. 

Mr. O. E. LeRoy was engaged upon a close examination of 
the geology of the British Columbia coast from the International 
Boundary northward to Howe Sound. He thinks highly of the 
large bodies of low grade copper on the mainland and Texada 
Island. 

Mr. Charles Camsell initiated work upon a map sheet along 
the valley of the Similkameen River in southern British Colum- 
bia, starting from the International Boundary, and making im- 
portant economic discoveries of great bodies of low grade copper 
ores. 

Mr. R. W. Brock, assisted by Mr. G. A. Young and Mr. W. 
Boyd, was in charge of a large field party at Rossland, B.C. The 
exhaustive study of this area approaches completion and a report 
upon the work will be published, probably next spring. Great 
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benefit has already been derived by the miners from Mr. Brock’s 
study of the ore-bodies. 

Mr. D. B. Dowling, assisted by Mr. G. Malloch, has continued 
the mapping of the coal areas of the Cascade Range, and a result 
of this summer’s work is the discovery of thick beds of excellent 
coal on the Brazeau and Saskatchewan rivers. 

Mr. R. Chalmers was employed on an examination of the clay 
deposits of the new provinces of Saskatchewan and Alberta; he 
located a number of places for the manufacture of brick, firebrick 
and cement. 

Mr. Theo. Denis investigated new discoveries of gas, oil and 
coal in the west in order to bring the data for his forthcoming 
report on fuels up to date. 

To Mr. W. McInnes and Mr. O’Sullivan was assigned the 
work of exploring the country between Lake Winnepeg and 
Fort Churchill on Hudson Bay. A knowledge of this portion 
of the country is required for the new line of railway extending 
from the northwest plains to Hudson Bay, which is intended to 
take advantage of the short northern route to Europe via Hud- 
son Strait. 

Mr. W. H. Collins made an exploration of a belt of country 
about thirty miles wide and extending westward about one 
hundred miles from Lake Nipigon, along the line of the new 
Transcontinental Railway. He reports mineral-bearing rocks 
only in the western part of this region. 

Dr. A. E. Barlow and party explored and mapped a consider- 
able area east of Lake Timiskaming and, although some eco- 
nomic minerals were found, no trace was discovered of an exten- 
sion of the rich silver-bearing ores found about Cobalt on the 
west side of the lake. 

Mr. W. J. Wilson examined closely a belt of country one hun- 
dred miles long, extending eastward from Abitibi Lake to the 
Bell River. He reports that this region is almost wholly cov- 
ered with a thick mantle of clay, the deep swamps being very 
difficult to traverse. 


Mr. W. Johnston was employed upon the sheet maps of south- 
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ern Ontario and completed the surveys of the Peterborough and 
Prince Edward sheets. 

Mr. E. D. Ingall spent part of the season on the copper de- 
posits of Ontario and Quebec, with the object of writing a bul- 
letin to appear shortly. 

Dr. R. W. Ells, assisted by Mr. J. A. Robert, worked upon 
the rocks of southern New Brunswick with a view to the produc- 
tion of a sheet map of the environments of the city of St. John. 
He also visited many of the mines of the province in order to 
obtain information for a bulletin on the minerals of New Bruns- 
wick. 

Mr. Hugh Fletcher and Mr. E. R. Faribault have been chiefly 
engaged in the revision of map sheets in Nova Scotia with a view 
to their early publication. Mr. Faribault has now completed his 
long study of the gold-bearing rocks of the province and during 
the coming winter will issue an exhaustive report and portfolio 
of maps upon this important subject. 


THE IMPORTANCE of the impetus which has been given to pros- 
pecting and mining in Canada by the discovery and development 
of the Cobalt mining district may be recognized from the fact 
that during the months of April, May and June about fifty com- 
panies were formed with an aggregate capitalization of $32,000,- 
000 to exploit the mineral resources of the new mining area. 


A CIRCULAR written by Mr. S. F. Emmons and recently sent 
to the members of the U. S. Geological Survey engaged in eco- 
nomic work contains certain definitions for the guidance of 
authors in writing economic reports. It is expected that authors 
will use the terms defined with the meanings given. Some of the 
definitions are of sufficient interest to warrant repetition. These 
are: 

Vein, lode, vein systems.—A vein is a single ore-bearing 
fissure, generally, though not necessarily, with one or two well- 
defined walls. 

When several veins are so closely spaced that the ground 
between them becomes in places ore bearing and in its whole 
width constitutes an ore body, the assemblage is spoken of as a 
lode.” 
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“Vein system” may be used for a larger assemblage of vein 
fissures, which may include several lodes. Usage may vary 
somewhat in different districts, but the general order from sim- 
pler to more complicated fractures will be “vein,” “lode,” “ vein 
system.” The more subordinate fractures, such as little veins 
that cross the material included within vein walls, may be called 
“ veinlets”’ or “ stringers.” 

Shear zone.—It is well to avoid a too general use of the term 
“shear zone.’ In one sense any vein could be called a “shear 
zone,” since its fissure was probably formed under some sort of 
shearing stress. On the other hand, “shear zone”’ is more prop- 
erly a term belonging to general geology, used to define the zone 
along which the rocks have been sheeted or laminated by a shear- 
ing stress with some lateral movement, but which is by no means 
necessarily or even frequently mineralized. If the term is used 
to designate mineral-bearing fissures in general, this distinction 
is lost sight of. It is therefore advisable to restrict its use to 
deposits formed along geological shear zones where the resulting 
water channels were so irregular that they can not be defined 
under any of the preceding heads. 

Sheeting or sheeted zone may be used in cases where the move- 
ment has resulted in parallel fissures that have left thin sheets of 
country rock between them. 

Bedded vein.—As rock fractures are independent of and gen- 
erally cut across the bedding, the alternative form of deposit, as 
contrasted with a vein deposit, is one that conforms with the 
bedding, and has hence been called a “ bedded deposit.” Among 
miners the term “blanket vein”’ is usually applied to any nearly 
flat deposit. , 

Gash vein is a term employed by Whitney to describe a vein 
that fills joints or fissures in limestone in the lead deposits of the 
Mississippi Valley region. It is a vein that does not extend 
beyond a given bed or similar rock mass. 

True fissure vein—This term was originally used by Whitney 
(Metallic Wealth of the United States) to describe a true vein 
as distinguished from a gash vein, the latter being limited in 
extent, whereas the former, according to him, “may be pre- 
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sumed to extend for an indefinite distance downward.” From 
this statement apparently has sprung the idea common among’ 
miners that a true fissure vein is the most desirable form of min- 
eral deposit, because of its indefinite extension. This is a popu- 
lar delusion that it is not desirable to perpetuate; hence the use 
of the term should be avoided. “ True vein” was the term in 
use before Whitney’s publication, and among the earlier writers 
on ore deposition signified a vein deposit filling a fissure; hence 
the term “fissure vein”’ is in a strict sense pleonastic and should 
not be used in classification. 

Some of the variations of the vein deposit are as follows: 

Linked veins.—These are deposits filling approximately par- 
allel and overlapping fissures, arranged en échelon, and connected 
or linked by small, irregular cross stringers. As the deposit 
pinches out on one fissure it is taken up on one of the overlapping 
fissures. 

Stringer lode-—A lode made up of irregularly branching and 
anastomosing stringers or veinlets. The rock between the vein- 
lets is frequently so much mineralized as to constitute ore, when 
the whole is worked as a single vein. 

Chimney, stock. ’ is applied to ore bodies which 
have not the tabular form of a vein but are rudely circular or 
elliptical in outline horizontally and have a very considerable 
vertical extent. “Stock” is applied to a similar body of still 
greater irregularity of outline. 

Ore shoot, pay shoot..—An ore shoot is the richer portion of 
a deposit. A pay shoot is that which is rich enough to exploit. 
While its outlines are not generally well defined, one can usually 
determine that it has a longer axis which forms a large angle 
with the horizon. The inclination of this longer axis is called 
the “pitch” of the shoot, a term originally used to signify the 
inclination of the axis of a fold. It is not synonymous with 
“dip,” though in a vein deposit the pitch necessarily partakes of 
the inclination of the vein or its dip. It has, however, a further 
inclination within the plane of that vein. 





“ Chimney ’ 


“ 


*Sometimes wrongly written “chute,” which is a French word signifying 
fall and properly applicable only to the artificial passages through which ore 
falls to a lower level. 
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Contact deposits—It is advisable to restrict the term “ con- 
tact”’ veins or deposits, as has been suggested by Lindgren, to 
those which have been formed by contact-metamorphic agencies 
and which carry the minerals characteristic of such action. This 
use eliminates from this category many forms of deposit that 
are so termed simply because they happen to occur at the contact 
of two different kinds of rock without regard to their origin. 
Contact deposits, as thus restricted, occur mostly in limestone at 
or near its contact with an intrusive igneous rock. 

Fahlband, segregated vein, impregnation.—As a general rule 
care should be taken to avoid using the name of a process as 
the definition of a type of deposit. A number of terms that are 
useful in descriptions can not for this or for some other reason 
properly be used in defining types of ore deposits. Such are 
“Fahlband,” “segregated vein” or “segregation,” and “im- 
pregnation.”’ 

“Fahlband” is a local Norwegian term not generally appli- 
cable nor easily defined. It was originally used by German 
miners to distinguish certain bands of schistose rocks which are 
impregnated with finely divided sulphides and not in themselves 
rich enough to work, but which were thought to have exerted 
an enriching influence on the veins that cross them. 

The other two terms define processes that may take part in the 
formation of many different deposits, and hence can not properly 
be used to characterize a single type. 

“ Segregated vein” has been used, for instance, to define mate- 
rials that have been concentrated in a given sedimentary bed. 
The term would be more appropriately used for the material 
gathered together from a molten magma. In either case, it is 
not sufficiently distinctive to be used to characterize any single 
type of deposits. 

The term “impregnation” has been used by different writers 


in many and conflicting senses. It properly signifies the intro- 
duction of mineral substances in a finely disseminated condition 
into rocks, either as a filling of open spaces or as a replacement 
of certain minerals. To describe the occurrence of ore in small, 
irregular, disconnected patches throughout the mass of a rock 
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“dissemination” or “disseminated deposits” is a preferable 
term, since it has no genetic signification. 

Metasomatism.—This may be defined as the process by which, 
through chemical interchange, a mineral or an aggregate of min- 
erals undergoes partial or complete change in chemical constitu- 
tion. The term “metasomatism” is of wider application than 
“pseudomorphism,” in that it does not necessarily involve the 
preservation of the crystalline form of the original mineral. In 
large rock masses, as, for instance, in the metasomatic replace- 
ment of limestone by dolomite or by metallic sulphides, it often 
involves a change in volume, the resulting mass being more or 
less cavernous. 

Replacement.—As a general term synonymous with “ meta- 
somatism,” “replacement” is preferable to “ substitution.” 

Alteration—The term “alteration” applies to the partial 
change of substance in a rock or mineral which does not neces- 
sarily involve its replacement by another. It is a purely chem- 
ical process. 

Decomposition.—This term signifies a dissolution of a rock or 
mineral into its component parts, which involves a physical as 
well as a chemical change. It occurs most commonly during 
the process of weathering. 

Weathering.—The term “ weathering’ should be confined to 
changes in cohesion and composition of rocks near the surface 
that are due to the decomposing and oxidizing action of surface 
waters. Its tendency is to destroy the rock as a geological unit. 


‘ 


THE work OF the Illinois State Geological Survey on the coal 
fields of Illinois is going rapidly forward. A large number of 
mines already have been visited, and careful samples taken for 
laboratory study, one hundred and sixty such samples being now 
on hand. Director Bain has recently visited the Livingston and 
La Salle county fields, preparatory to making careful surveys. 
J. A. Udden is now engaged in working out the faults near 
Peoria which have been such a constant source of annoyance 
and expense to operators in that vicinity. T. E. Savage is 
making a detailed study of the Springfield mines. J. J. Rutledge 
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has taken up an investigation of the coals of the East St. Louis- 
Belleville area, and F. W. DeWolf is about to begin work in 
Saline and Gallatin counties. His work, as also that of David 
White, who is making collections of fossil plants throughout the 
field, is carried on by the U. S. Geological Survey in cooperation 
with that of the state. Topographic surveys preparatory to next 
season’s work are being carried on near Harrisburg, Marion, 
Herrin, Murphysboro, Trenton, Edwardsville, Alton and Tal- 
lula. A preliminary report upon the composition and character 
of Illinois coals is in press. 


Dr. ANDREW FLEMING WEsT, dean of the Graduate School 
of Princeton University and since 1883 professor of Latin, who 
was recently selected to succeed Dr. Pritchett as president of the 
Massachusetts Institute of Technology, has declined to accept the 
position. 


Ir Is STATED. by the Engineering and Mining Journal that 
another vein of silver-bearing cobalt ore has been discovered by 
diamond drill prospecting under the waters of Clear Lake, west 
of Cobalt, Ontario. The discovery was made on the property 
of the Clear Lake Mining Company which owns the right to 
mine in the area covered by the lake. 


IN AN AppREss before the recent State Development Conven- 
tion at Winchester, Ky., Professor C. J. Norwood, who is direct- 
ing the work of the Kentucky Geological Survey, set forth some 
important facts about the progress made by the survey since its 
revival in 1904, what it is now doing and what is still before it. 
He dwelt particularly upon investigations that have been made 
into the coal resources, and upon the necessity for further study 
in that direction. But he also called attention to the possibili- 
ties in clays suitable for firebrick, for stoneware and cement 
manufacture, in lead, zinc and fluorspar and in gas. Those who 
heard the speech and who have followed the work under Professor 
Norwood’s direction will undoubtedly agree with his suggestion 
that provision be made for a permanent annual fund for the sup- 
port of the survey, instead of depending upon biennial legislative 
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appropriations. Kentucky suffered through the lapse of support 
of its survey for several years, and it has in the experience of 
other states that have maintained permanent surveys a practical 
lesson in the value of such a policy. 


THE GEOLOGISTs of the U. S. Survey who have worked in 
Alaska have all returned from the field of operation. Mr. A. H. 
Brooks, in charge, returned October 6 from an extended trip 
along the Yukon River and to Cape Nome, during which he 
covered about a thousand miles, of which six hundred miles 
by foot and three hundred miles by canoe. 


DuRING THE Past field season Mr. L. M. Prindle examined 
the newly discovered Kantishna district, about one hundred miles 
southwest of Fairbanks, on the Tanana. Encouraging reports 
have lately been received from this placer field, and some gold 
has been taken out during the last season. 


Mr. ApotpH Kwnopr and Mr. SypNEy PAIGE examined the 
coal fields and placers to the north of Cook’s Inlet. 


THE cHair of geology, at Vassar College, vacant by the death 
of Professor William B. Dwight, has been filled by the appoint- 
ment of Dr. George B. Shattuck, associate professor at the Johns 
Hopkins University. 

THROUGH THE GENEROSITY of Mrs. Israel C. Russell, widow 
of the late Professor Israel C. Russell of the University of Mich- 
igan, the library belonging to Professor Russell has been donated 
to the department of geology of the University of Michigan. 


PROFESSOR WILLIAM HERBERT Hoss, formerly professor of 
the Wisconsin University, has been made professor of geology 
in the University of Michigan. 


Mr. T. A. RicKarb, editor of the Mining and Scientific Press, 
attended the meeting of the American Mining Congress in Den- 
ver and read an interesting paper on the geological distribution 
of gold. 
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Auriferous gravels divided into 
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reefs of, 41; western, 530; quartz 
veins at Ballarat in, 41 
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Barewood, N. Z., quartz, 745 
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Becker, G. F., cited, 8, 110, 168 

Beck, Dr. R., cited, 8, 460 

Bedded vein, definition of, 836 
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Bisbee Mining ‘Camp, 6 
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British Guiana, review of, 706 

Brock, R. W., 98, 514, 833 
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Cox, Mr. Herbert, 740 

Crean Hill Mine, 470 
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34 
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Chemistry of Ore-Deposition—Pre- 
cipitation of Copper by Natural 
Silicates, by Eugene C. Sullivan, 67 

Cherry Creek ore deposits, 417 

Chimney, stock, definition of, 837 

Chios mine, 269 

Chlorite in quartz, 164; in western 
Australia, 534 

Christmas Mountain, cinnabar with 
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Chrysocolla, in Cochise mining dis- 
trict, 656 

Cigar Mountain, lava beds, 161 

Cinnabar in Terlingua, 158, 266, 280 
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Uses, 208 
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H. Ries, 300 

Clay in Kentucky, 665 
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iron ores, 660 
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posits, of Missouri, 588; of eastern 
Quebec, 445; of Lake Superior, 45; 
of Virginia, 309; of Clifton-Mor- 
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solution and deposition of, 644 

Cornfield region, 122 
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Croton Spring, 161 

Crustal movements, as a cause of 
metamorphism, 26; as a cause of 
different varieties of coal, 28 

Crusts, black pulverulent, 22 

Crysocolla, 24 

Crystal Falls District, 47 

Cupric sulphate, 646, 647, 648 

Cuprous sulphate, 645 

Cuprite, 23; in Cochise County, 656 


Dakota coal fields, 32 

Daly, R. A., cited on igneous stoping, 
552 

Dana, cited, 

Daubrée, eg 688 

Davis, A. “L., .cited,. 779 

Daw, F. R. N., cited, 547 
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Day, A. L., discussion of phase rule 
by, 288; cited, 108 

Day, D. T., Black Sands ‘of the 
Placer Mines of the United States, 
104 

Decomposition, definition of, 830 

Deep Level Companies of the Rand, 
57 

Delesse, cited, 690 

Delkeskamp, Rudolph, 230, 602 

Del Rio shale, 270 

De Kalb, discussion of apex law by, 


De Lamar District, 166 

Denis, Theo., 834 

Deposition of ores, 8-9 

Deposits, epigenetic in connection 
with deep mining, 36; South Afri- 
can banket reefs, 46; sedimentary, 
36; of quicksilver deposits of Ter- 
lingua district, 265; of mercury in 
Tertiary lavas, 266; in sedimentary 
rocks, 268; in rocks of lower Cre- 
taceous age, 270; of iron ore, 740 

Description of the chief physiographic 
features of New Zealand, 737 

Depth of mines, 164 

Depth of penetration of water, 565 

Depth of Sudbury mines, 552 

Depth of veins in Cherry Creek dis- 
trict, 435 

Depth of workings in Cochise mining 
district, 655 

Depth in connection with ore depo- 
sition, 34-46 

Depths of prominent mines, 42 

Description | of San Luis Park, 144 

Detrital origin of Rand bankets, 46 

Development of hydrologic investi- 

gations, 554 





Development of quicksilver industry 
in Brewster County, 162 

Development of Virginia copper de- 
posits, 316 

Devono-Carboniferous, 121 

Diamond and carbonado washings of 
Bahia, Brazil, 134 

Diamonds, occurrence of, in conglom- 
erate, 137 

Dickson, C. W., 517 

Die goldfithrenden Erzvorkommen 
der Murchison Range im _ nord- 
Ostlichen Transvaal, by Hans 
Merensky, review by F. L. Ran- 
some, 94 

Difference of opinion of structural 
features, I19 

Differentiation, definition of, 101; 
factors of, 115 

Dimensions of veins and the enclos- 
ing rocks (asphalt veins), 439 

Discov ery of quicksilver deposits of 
Brewster County, 155 

Discussion: Do the Geological Rela- 
tions of Ore Deposits Justify the 
Retention of the Law of the Apex? 
by C. W. Purington, 572; Court- 
enay De Kalb and Wm. F. Robert- 
son, 801.—Hypothesis to Account 
for the Transformation of Vege- 
table Matter into the Different 
Grades of Coal, by A. C. Lane, 
498; W. D. Smith, 581—Sketch of 
the Geology and Ore Deposits of 
the Cherry Creek District, Ari- 
zona, by W. Lindgren, 698.—Struc- 
tural Features of the Joplin Dis- 
trict, by H. F. Bain, 172.—Struc- 
tural Relations of the Wisconsin 
Zinc and Lead Deposits, by A. H. 
Purdue, 391.—The Phase Rule and 
Conceptions om Igneous Magmas, 
by A. L. Day, E. S. Shepherd, 286. 
—The Peotone of Metalliferous 
Ores, by J. F. Kemp, 6099.—Uni- 
versity Training of Engineers in 
Economic Pi ia by J. D. Irv- 
ing, 77, 289; J. C. Branner, 387; 
G. P. Merrill, 476; L. C. Glenn, C. 
K. Leith.— What is a Fissure Vein? 
by J. F. Kemp, 170; R. W. Ray- 
mond, 282; J. E; -Spurt, A: C. 
Spencer, 385; S. F. Emmons, 481; 
Henry Louis, Walter S. Kelly, 
484; Frank L. Hess, 700.—What 

Should Appear in the Report of a 

State Geologist? by H. F. Bain, J. 

M. Clarke, Wm. B. Clark, 484; A 

G. Leonard, 570 
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Dimensions and relations to enclos- 
ing rocks, eastern Quebec, 449 
Distribution of coal of New Zealand, 


739 

Do the Geological Relations of Ore 
Deposits Justify the Retention of 
the Law of the Apex? discussion, 
572, Sol 

Dowling, D. B., 834 

Dunkard group-coal, 789, 792 

D’Urville copper 743 

Diamontine powder, 754 

Ducktown, 19 

Distillation, fractional, 29 

Distribution of copper ores of Vir- 
ginia, 309; geologically, 310; of 
ore of Los Pilares Mine, 636 

Division of quicksilver country, 157 

Divisions of intrusive mass in Ne- 
vada, 372 

Divisions, two of ore deposits, 101 

Dolomite, 534 

Douglas, Arizona, 631 

Douglas, Mr. James, Jr., 629 

Douglas Island mines, 165 

Dowling, D. B., 518 

Drainage poe 562 

Dresser, John Alexander, paper on 
copper by, 445 

Dutton, Grand Canyon of the Col- 
orado, I 

Dunn, E. J., 516 

Dunstan, B., Geological Survey of 
Queensland, 183 

Dynamic metamorphism, 319 

Eastern Townships, of Quebec, ore 
deposits of, 445 

Economic geology, synonym: for, 1; 
as field for government activity, 5; 
of Bingham District, review by J. 
D. Irving, 184; of New Zealand, 
735; of the United States, review of 
Ries’ book, by G. O. Smith, 719 

Eckel, E. C., Cement Materials and 
Industry of the United States, 91, 
3605 

Editorial on Economic Geology, 73; 
Record of Geological Information; 
The Petrography of Opaque Min- 
erals, 383, 794 

Effect of metals on industrial su- 
premacy, 260 

Egeglestonite in Terlingua, 158, 281 

Eichhorn, cited, 67 

Eighth annual meeting of Canadian 
Mining Institute, 517 

Electric Peak, 116 

Ellsworth mine, 238 

Ells, R. W., 98, 835 


Elsie mine, 546 

Emmons, S. F., 7, 97; Economic 
Geology of the Bingham Mining 
District, Utah, 184, 205; What is a 
Fissure Vein? 387, 518; Los Pilares 
Mine, Nacozari, Mexico, 629, 7343 
Definitions, 835 

Emmons, W. H., 832 

Enargite in copper, 21; in western 
Australia, 534 

Engineering and Mining Journal, 


251 

Enriched sulphides, New Zealand, 
743 

Enrichment, secondary sulphide, 7, 
II, 35; in copper ores of Virginia, 
329 

Eutectiferous series, 108 

Epidote, 

Epidotization, 322 

Epigenetic deposits, 36, 101 

Equilibrium, unstable, 106 

Erosion and its effect on quicksilver 
deposits, 159 

Erosion and sedimentation, 336 

Erzlagerstatten, die, by Dr. A. 
aaa review by W. Lindgren, 


3 

Erythrite or cobalt bloom, 767 

Estimate of iron ore reserves for 
different countries, 360 

Evans mine, 545 

Examination of thin sections, 3i8 

Experimental investigation, 9 

Experimental work, 68 

Experiments on the Solution, Trans- 
portation and Deposition of Cop- 
per, Silver and Gold, by H. N. 
Stokes, 644 

Factors in faulting of shale, 126-7 

Fahlband, definition of, 838 

Famatinite as a product of secon- 
dary enrichment, 21 

Faribault, 835 

Faults, defined, 777; terms “ gravity” 
and “tension” discussed, 787; 
movement and nomenclature of, 
777; paper on classification and no- 
menclature of, by F. L. Ransome, 
777-787 

Faulting and structure of the Cherry 
Creek district, Arizona, 425; in 
Cochise mining district, discussion 
of, 780; period of vertical faulting 
in quicksilver deposits of Texas, 
276 

Feldspars in metalliferous veins, 163; 
in Alaska, 344 

Ferriferous limestone, 661 
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Ferruginous chert concretions, 64 

Ferrous sulphate, 646 

Field of economic geology, 5 

Field of mining engineer, 4 

Field work in hydrology, 558 

Findlay, 105 

Fissure Vein? What is a, 167, 282, 
385, 481, 700 

Fissure veins, 38, 30, 167, 282, 385, 
481, 700 

Fissuring, 131 

Fletcher, Hugh, 835 

Fluorine as a crystallizing agent, 380 

Fluorite, 534 

“Floors,” 131 

Floyd-Carroll-Grayson Plateau, 324 

Foerster, 644 

Formation of Asphalt Veins, by 
George Homans Eldridge, 437 

Formation of rich sulphide ores, 7 

Formations represented in the quick- 
silver zone, 265 

Four general types of gold-bearing 
lodes in Alaska, 342 

Fox, H. B., 41% 

Fractional distillation, 2¢ 

Friction-breccia lodes, 272 

Fuller, M. L., 519; Underground 
Water Investigations in the United 
States, 554, 626, 733 


Gale, H. S., 832 

Galena, galena-formations of Wis- 
consin, 234; galena in western 
Australia; galena-calcite vein at 
Hastings, Ont., 684 

Gallup-Durango coal field, 32 

Gang-zug, 118 

Gangue minerals in Cochise Mining 
District, 656 

Garden Gully line, 163 

Garrey, G. H., 518 

Gash vein, definition of, 836 

Gaspé highlands, 445 

Geikie, Ancient Volcanoes in Great 
Britain, 1 

Geikie, Dr. James, 779 

Geikie, Sir Archibald, 779 

Gems, jeweler’s materials and orna- 
mental stones of California, 706 

General character of copper ores of 
Cochise Mining District, 655; geol- 
ogy of Terlingua district, 265; 
Cherry Creek district, Arizona, 
420; petrography of Virginia cop- 
per deposits, 324; results of ore 
deposition, by ascending hot waters, 
45 


Genesis of Lake Superior Iron Ores, 
by Charles Kenneth Leith, 47 

Genesis of fissure veins, 38; of as- 
phalt veins, 442; of the copper of 
Virginia, 321 

Genesis of Thermal Waters and 
Their Connection with Volcanism, 
by Armand Gautier, translated by 
F. L. Ransome, 688 

Geographical distribution of copper 
ores of Virginia, Piedmont region, 
Blue Ridge region, southwest Vir- 
ginia region, Triassic area, 310 

Geological distribution of copper ores 
of Virginia, 310 

Geological information, 794 

Geological guide to Mexico, 798 

Geologic character of rocks of New 
Zealand, 740 

Geologic Map of Illinois, review of, 
816 

Geology of the Granby Area, re- 
viewed by C. K. Leith, 811 

Geohydrologists, Society of, 307 

Geologic features of eastern town- 
ships of Quebec, 445 

Geology, and location of Los Pilares 
mine, 629; and petrography of 
Blue Ridge region, 317; applied, 
and place in technical school, 243; 
in Germany and Britain, 1; of 
Cochise Mining District, 652; of 
Hastings County, Ontario, 682; of 
Helen Iron Mine, 522; of South 
Africa, 625; of Southern Klondike 
Camp, 369; of Ontario with special 
reference to economic minerals, 
457; of ore bodies of San Luis 
Park, 148; of western Australia, 
53 

Geology of South Africa, by F. H. 
Hatch and G. S. Corstorphine, 175 

Geology of the Diamond and Car- 
bonado Washings of Bahia, Brazil, 
by Orville A. Derby, 134 

Geology of the Tonopah Mining Dis- 
trict, by J. E. Spurr, review of, 711 

Geological Survey of Queensland, by 
D. Dunstan, 183 

Gertrude, mine, 546 

Georgia, artesian waters, 555 

Gibbs’ phase rule, 103 

Gilbert, Henry Mountains, 1 

Gilbert, G. K., 627 

Gibson, Chas, G., 517 

Glass, phase of indicating unstable 
equilibrium, 106 

Gleason mining camp, 651 

Glenn, L. C., 476 
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Glenorchy, New Zealand, quartz, 745 
Globe Mine, New Zealand (quartz), 


744 

Goczel, 536 

Gogebic district, 47 

Gold, 748; and cupric salts, 649; and 
ferric chloride, 650; and _ ferric 
salts, 650; and ferric sulphates, 
650; and silver produced in United 
States, 335; bearing rocks of Klon- 
dike, 352; deposits of Appalachian 
states, 42; extraction, 214; in 
Alaska, 344, 355; in New Zealand, 
743; in solution in hot springs of 
the Taupo volcanic zone, New Zea- 
land, 746; in western Australia, 
531; placers, 36; production, 211 

Gold Deposits of Plomo, San Luis 
Park, Colorado, by Chas. Godfrey 
Gunther, 143 

Goldfields of Hauraki peninsula, 745 

Goodrich quartzite, 52 

Gossan, depth of the Sudbury nickel 
mines, 551 

Gossan lead, 330 

Government investigations of arte- 
sian waters, 556 

Garnet contact zones, 12 

Grand Canyon of the Colorado, Dut- 
ton, I 

Granite, crushed, 152 

Granite -gneiss, 146 

Granite in Cochise Mining District, 
652; of Cherry Creek, 422 

Granites, 20 

Grant, U. S., 99; Structural Rela- 
tions of the Wisconsin Zinc and 
Lead Deposits, 233, 411 

Graphic formula for chrysocolla, 24; 
for azurite, 23; for malachite, 23; 
for bornite, 17; for pyrite and chal- 
copyrite, 15 

Graton, L. C., 832 

Gravity fault, 787 

Great Fingall, 531 

Gregory, H. E., 733 

Greenalite gt canules, 48; and ferrugin- 
ous chert concretions, 64 

Gregory, J. W., Mount Lyell Mining 
Fields, Tasmania, 88 

Green Mountains, 445 

Greenstone, 750 

Grey Rock Mine, 18 

Grinding and polishing opaque min- 
erals, 753 

Ground water, 221; occurrence of, 
567 

Grout, Mr. I. F., 411 

Gruno Mine, 238 


Guide, geological, to Mexico, 798 
Gypsum in Terlingua mercury de- 
posits, 279 


Hanging Rock region of Kentucky, 
661 


Hardie, W. , 518 

Hastings bn” pee Canada, 682 

match, 2. ., Geology of South 
Africa, 175, 625, 832 

Hawkes Bay, 737 

Haworth, 121 

Hayden, H. H., 616 

Hazel Green, 239 

Heave faults, 783 

Heat, in its relation to metamor- 
phism, 26-29 

Heim, 779 

Heimrod, 645° 

Helen Tron Mine, Michipicoten, Ar- 
thur P, Coleman, 512 

Hematite, in quicksilver lodes, 279 

Hematite Hill, 522 

Henry Mountains, Gilbert, 1 

Hess, F. L., review of Tin Deposits 
of the World, 502, 702 

Hidden Treasure gravel channel, 36 

Highland Boy mine in Bingham, 37 

Hille, F., 517 

Hill, Robert T., cited, 206, 229 

History in industrial supremacy, 260 

Hixon, Hiram M., 517 

Hobbs, Prof. Wm. H., 841 

Hollandia mine, 682 

Holland, T. H., Records of the Geo- 
logical Survey of India, 183, 616 

Homestead Ground, 125 

Hornblende with cupric sulphate, 648 

Hoover, H. C., 534 

Horsebacks, 121 

Horses, 441, 552 

Hoskin mine, 338 

Hot springs, 22 

Hughey, A. H., 726, 819 

Hydraulic investigations, 554 

Hydrocarbons, 279 

Hypotheses to account for northeast 
Kentucky iron ores, 661 

Hypothesis to Account for the 
Transformation of bhi ae able Mat- 
ter into the Different Grades of 
Coal, by M. R. Campbell, 26; dis- 
cussion, by A. C. Lane, 498; by 
Warren D. Smith, 581 . 

Hustler line, 163 

Iddings, J. P., 110 

Igneogenetic ores, 338 

Tgneo-sedigenetic ores, 338 

Igneous activities opposed to sedi- 
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mentary cycle, 337 

Igneous dikes in Cochise Mining Dis- 
trict, 653 

Igneous rocks, 276; association of 
ore deposits with, 7; theory as ap- 
plied to origin of Sudbury ores, 
468; in favor of Sudbury ores, 467 

Illinois State Geological Survey, 839 

Importance, geological, of the Cherry 
Creek, Arizona, District, 417 

Impoverishment zone of Cherry 
Creek District, 430 

Impregnation, definition of, 838 

Indiana Department of Geology and 
Natural Resources, by W. S. 
Blatchley, 195 

Influence, mutual, of mining engineer 
and economic geologist, 2; of heat 
on transformation of vegetable 
matter into coal, 33; of slight 
changes of composition and texture 
of rocks on susceptibility to con- 
tact metamorphism, 37; of wall 
rock, 12 

Ingall, E. D., 835 

International boundary, 692 

Intrusives, 116; as a loctis of mineral- 
ization, 354-346 

Ionization, 16 

Iron Ore Reserves, by Charles Ken- 
neth Leith, 360 

Iron Mine, Helen, 512 

Iron disulphide, in quicksilver lodes, 
279; ore of New Zealand, 740; 
structurally considered, 741; ores, 
213; of northeast Kentucky, 660; 
peroxide, 672; production of, in dif- 
ferent districts in United States to 
close of 1904, 333 

Iron Ranges of Michipicoten West, 
reviewed by C. K. Leith, 403 

Isomorphous carbonates, 662 

Irving, J. D., discussions: University 
Training of Engineers in Economic 
Geology, 77, 99; review of Geology 
of South Africa, 175; review of 
Economic Geology of the Bingham 
Mining District, Utah, 184, 383; 
The Record of Geological Informa- 
tion, 794; The Petrography of 
Opaque Minerals, 796; review of 
The Geological Map of Illinois, 816 

Ivanhoe mine, 535 


ee occurrence, at Terlingua, 
PP. CoP. 


Vi 
Jaggar, Prof. T. A. 7; cited, 206, 421 
Jenney, Walter P., 119 





Jennings, E. P., 518 

Jennings, Hennen, 519 

“Jewelry shop” class of gold veins, 
746 

Johnson, E. M., 205 

Johnson, Douglas Wilson, The Scope 
of Applied Geology and Its Place in 
the Technical School, 242 

Johnson, W., 834 

Joints, 27 

Joplin District, 119 

Journal of Geology, 384 

Journal of the Geological Society of 
London, Vol. III., 472 

Jukes-Brown, cited, 779 

Juvenile waters, 102 


Kaipara, New Zealand, occurrence of 
copper, 743 

Kaitangata, New Zealand, coal, 739 

Karangahake, New Zealand, gold 
mines, 745 

Keele, Joseph, 352, 833 

Keep-it-Dark Quartz Mine, 744 

Keewatin, series, 47; system, 521 

Keith, Arthur, Economic Geology of 
the Bingham Mining District, Utah, 


184, 832 

Kelley, Walter S., 484 

Kemp, James Furman, cited, 8; Sec- 
ondary Enrichment. of Ore De- 
posits of Copper, 11, 98, 118; What 
is a Fissure Vein? 168; cited, 460; 
The Problem of Metalliferous 
Veins, 699 

Kennedy mines, 238 

Ketchikan District, Alaska, 342 

Keweenaw Point, copper, 2 

Kalgoorlie, 530, 535 

“ Kies,” of Blezard mine, 547 

Kidney ore, iron, 660 

Kimberley District, west Australia, 


531 
Klondike Camp, southern, 369 
Klondike Series, 349 
Knopp, Adolph, 841 
Knight, C. W., 767 
Kohler, 9, 67 
Kotuku petroleum, 740 


Labor disturbances of coal regions, 


263 

Labradorite, of Sudbury, 464 

Lake Superior, 47; power company, 
546; region, 35; region of iron ore 
reserves, 363 

Lane, A. C., discussion, 498, 518 
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Laughlin, G. F., The Clays and Clay 
Industry of Connecticut, reviewed 
by H. Ries, 300 

Lateral-secretion-ascension theory, 7 

Leach, W., 833 

Lead and Zinc Mines of wig a, 
by C. W. Wright, review by H. 
Bain, 90 

Lead Deposit, An Ontario, by J. Vol- 
ney Lewis, 682 

Lead, in New Zealand, 750; produc- 
tion, 210; production in United 
States, 334 

Le Chatelier, 104; microscope, 761 

Leggett, Thomas Haight, 577 

Leighton, H., 627 

Leith, Charles ER Genesis of 
Lake Superior Iron Ores, 47, 98; 
review: Cobalt-Nickel Arsenides 
and Silver, 295; Iron Ore Reserves, 
360; review, Loon Lake Iron- 
bearing District, 401; review, Iron 
Ranges of Michipicoten West, 403, 
481, 719, 816 

Lemberg, 67 

Leonard, A. G., discussion, What 
Should Appear in the Report of a 
State Geologist? 570; cited, 677 

LeRoy, O. E., 833 

Lesquereux, 676 

Lewis, J. Volney, 306; An Ontario 
Lead Deposit, 682 

Lignite, as source of producer gas, 
679; coals of North Dakota, 674 

Lime carbonate, 672 

Limestone of Cherry Valley District, 
424; in Cochise Mining District, 
653 

Limestone ore, iron, 660; of northeast 
Kentucky, 663 

Limestones, in Brewster County, 159; 
limestones, Vola, 270; Lower Cre- 
taceous, 271; in Klondike mines, 
369 

Limonite, of quicksilver lodes, 279 

Linden, 237 

Lindgren, W., cited, 8; Metasomatic 
Processes in Fissure-veins, and 
The Character and Genesis of Cer- 
tain Contact Deposits, 9, 14; Ore 
Deposition and Deep Mining, 34; 
review, Die Erzlagerstatten, 83, 
206, 416; Metasomatic Processes in 
the Gold Deposits of Western Aus- 
tralia, 530, 612, 632; discussion, 
Sketch of the Geology and Ore 
Deposits of the Cherry Creek Dis- 
trict, Arizona, 699; review of Ge- 


ology of the Tonopah Mining Dis- 
trict, 711, 734 
Linked veins, definition of, 837 
Literature on economic geology, re- 
og 95,196, 301, 405, 509, 688, 726, 
I 


Little Dragoon Mountain Range, 651 

Location and geology of Los Pilares 
mine, 629 

Location of Cherry Creek, 417 

Lode formation in western Australia, 
533; definition of, 835 

Loddon Valley, gold veins, 36 

Lodes, friction breccia, 272; calcite, 
272, 274; tierra, 275 

Logan, 452 

Ldllingite, 534 

Loon Lake Iron-bearing District, by 
W. N. Smith, reviewed by C. K. 
Leith, 4o1 

Lord, Prof, N. W., 20 

Los Pilares Mine, Nacozari, Mexico, 
by S. F. Emmons, 629 

Lost water, 566 

Louisa, Ky., iron ores, 660 

Louisiana artesian waters, 555 

Louis, Henry, 484 

Low, A. P., 97, 517 

Lower iron ores including Clinton 
ore, Ky., 


McConnell, R. G., 345, 515, 833 
McConnell, R. P., 205 

McConnelly, R. G., 100 

McCourt, W. E., 627 

McInnes, W., 834 

McKinney-Parker mines, 269 
Maclaren, F. H., 205 

Macrae’s, N. Z., quartz and scheelite, 


745 

Magmas, application of phase rule to 
igneous magmas, 104; extended, 
112; igneous phase rule and con- 
ceptions of, 101; partial, 114; in 
southern Klondike, character of, 
378; what constitutes a magma, 


474 

Magmatic theory in connection with 
Sudbury ores, 467; water, 8 

Magnesium carbonate, 672 

Magnetite, in western er sens 5343 
in Sudbury, Ontario, 546; of Adi- 
rondacks and New Jersey, 366 

“Magpie stone,” 744 

Maitland, A. Gibb, 530 

Malachite, 656; and azurite, 23 

“ Malapai,” 424 

Mammoth mines, 655 

Manganese, 216 
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“Makes” or “spurs,” 163 

Manner of filling asphalt veins, 443; 
of occurrence of metals, 209 

Manual of economic geology of India, 


307 

Map, geological, of North America, 
799 | 

Margerie, 779 

Marlborough, New Zealand, 737 

Martens’ stand, 760 

Marine precipitation, 46 

Marquette iron ores, 52 

Marsters, Vernon F., 99 

Martin, G. C., 344 

Matto do Urobo, 136 

Maverick Mountain, 161 

Maryland Geological Survey, 306 

Maximum deposition of coal in the 
Appalachian coal field, 789 

Measurement of overflows, 560 

Melaconite, or tenorite, 22 

Mendenhall, W. C., 346-7 

Merrill, Geo. P., Non-Metallic Min- 
erals, Their Occurrence and Uses, 
182; University Training of Engi- 
neers in Economic Geology, 391 

Merrit, W. H., 456, 458 

Mesabi District, 47 

Metalliferous veins in southern Klon- 
dike District, 374 

Metalliferous Veins, Problem of the, 
by James F. Kemp, 207 

Metals in order of usefulness, man- 
ner of occurrence, 208 

Metamorphic deposits, cause of con- 
tact, 43; processes, 35; rocks in 
Alaska, 355 

Metamorphism of magnesian erup- 
tives, 750; possible causes of, 26; 
dynamic, 319 

Metasomatic origin of Highland Boy 
mine, 37 

Metasomatic Processes in Fissure- 
Veins, Lindgren, 9 

Metasomatic Processes in the Gold 
Deposits of Western Australia, by 
Waldemar Lindgren, 531 

Metasomatism, definition of, 830 

Metastability in surface rocks, 116 

Meteoric water, 8 

Methods of sinking wells, 562 

Mexico, geological guide to, 798 

Michel-Lévy, r10 

Michigan, artesian waters, 555 

Michipicoten, 521; and Vermilion 
Districts, 47 

Microcline, 68 

Micropegmatite, 465 


Microscope, and accessories, 758; the 
Le Chatelier, 761; for metallo- 
graphic work, 760 

Microscopic Examination of Opaque 
Minerals, by Wm. Campbell, 750 

Microscopic Examination of the Co- 
balt Nickel Arsenides and Silver 
Deposits of Temiskaming, by W. 
Campbell and C. W. Knight, 767 

Microscopic character of rocks of 
Virginia copper deposits, 325 

Mica-schists, 20; in Cochise mining 
district, 652 

Miers, 118 

Miller, Hugh, 1 

Miller, Willet G., Cobalt-nickel Ar- 
senides and Silver, review by C. K. 
Leith, 295, 578, 767 

Mineralization, and_ concentration, 
344; connected with the Tertiary 
rhyolite, 378 

Minerals of the quicksilver lodes, 278 

Mineral water, 563 

Mining and Quarry Industry of New 
York State, by D. H. Newland, 184 

Mining, engineer, field of, 4; in Aus- 
tralia and California, 39; in eastern 
townships of Quebec, 447; opera- 
tions in quicksilver country, 160 
161 

Mispickel, 22 

Mississippi Valley, coal fields of, 32 

Moctezuma, 630 

Moffit, F. H., cited, 355; recent litera- 
ture on economic geology, 405, 509 

Mode of occurrence, of copper ores of 
Virginia, 313; of nickel in Sudbury, 
549; of ores, 320; of gold-bearing 
lodes in western Australia, 532 

Modifying factors of circulation of 
water, 56-57 

Moisture in lignite, 677 

Mond Nickel Co., 549 

Monoclinic pyroxene of Sudbury, 
462 

Monograph on Mesabi District, 50 

Monongahela formation coal, 789, 792 

Montroydite in Terlingua, 158; in 
quicksilver lodes, 280 

Moore, P. N., 660 

“ Moose-hide group,” 350 

Mother Lode, 42, 165 

Mounting of specimens of minerals, 
757 

Mt. Egmont petroleum, 740 

Mount Lyell Mining Field, Tas- 
mania, by J. W. Gregory, review by 

F, L. Ransome, 88 
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Mt. Morgan District, western Aus- 
tralia, 530 

Mt. Margaret gold field, 531 

Movements, crustal, in their relation 
to metamorphism, 26; orogenic, 
113; and nomenclature of faults, 
777; along fissures, in asphalt veins, 


441 

Murchison gold field, 531 

Murray mine, 546 

Muscovici, 517 

Muscovite in southern Klondike Dis- 
trict, 379 


Nacozari, 629 

Nasina series, 349 

Nason, 120 

Nature, and origin of fissures of as- 
phalt veins, 438; and origin of va- 
riations of granite, 378; of circu- 
lation of underground water, 565; 
of granitic intrusions, Klondike, 
Nevada, 370; of hydrologic work, 
550; of ores of Cochise Mining Dis- 
trict, 656 

Nebraska, artesian waters, 555 

Negaunee formation, 52-53 

Nelson, New Zealand, 737 

Nelson copper, 740 

Nephrite, mineral, 750 

New Chum line, 163 

New Jersey, artesian waters, 555 

New Mexico, 554 

New Plymouth deposits of iron ore, 
New Zealand, 742 

Nevada, southern Klondike District, 
Esmeralda County, 369 

Newland, David H., The Mining and 
Quarry Industry of New York 
State, 184 

New Zealand, economic geology of, 


735 

Niccolite, 767 

Nickel, 545; in copper, 215; at Sud- 
bury, 545, 548, 554 

Nickel-bearing eruptive of Sudbury, 
461 

Nickel bloom or annabergite, 767 

Nickel-iron-sulphide, 545 

Night caps, coal of, 739 

Ninetieth meeting of the American 
Institute of Mining Engineers, 415 

Ninth annual meeting of the Ameri- 
can Mining Congress, 830 

Nomenclature of faults, 777 

Non-metallic Minerals, Their Occur- 
rence and Uses, by Geo. P. Merrill, 
182 

Norite, 461; analysis, 473 

Normal faults. 777 


Norwood, Prof. C. J., 840 

Notes on the Origin of the Sudbury 
Ores, by David H. Browne, 467 

Notre Dame Hills, 445 


Observations, paragenetic, 21 

Occurrence, of albite in the Bendigo 
veins, 163; of asphalt veins, 437; 
of cobalt-nickel, 767; of gold in 
western Australia, 531; of ground 
waters, 567; of petroleum, 740; of 
Sudbury ores, 454 

Obalski, J., 517 

Ohern, D. W., Recent Literature on 
oo Geology, 405, 509, 618, 
19 

Oil, seepages in Alaska, 356 

Outcrop company, 576 

On the Origin and Relations of the 
Nickel and Copper Deposits of 
Sudbury, Ontario, Canada, by Al- 
fred Ernest Barlow, 454, 545 

Ontario Mining and Smelting Co., 


3 

Ontario Lead Deposit, by J. Volney 
Lewis, 682 

Odlitic forms, 65 

Ore-bearing solutions, 217 

Ore-bodies, 143 

Opaque minerals, microscopic exam- 
ination of, 751 

Ore-body of Helen Iron Mine, 526 

Ore deposition, 8, 101, 43, 182 

Ore Deposition and Deep Mining, 
Waldemar Lindgren, 34 

Ore Deposits, 235; of Los Pilares 
mine, 653; of Cherry Creek, 417, 
428; of Cochise Mining District, 


54 

Ore Deposits and Industrial Su- 
premacy, by John L. Stewart, 257 

Ore-Horizons in the Veins of the 
San Juan Mountains, Colorado, by 
Chester Wells Purington, 129 

Ore, Peacock, 18; nature of iron, 
212; in Southern Appalachians, 
365; value of, 153; in subterranean 
waterways, 219 

Ores, sedi-genetic and igneo-genetic, 
331 

Ores, formation of rich sulphide, 7 

he. and minerals of Temiskaming, 
707 

Ore shoot, pay shoot, definition of, 
837 

Original vein fillers, 21 

Origin, of basins, 240; of asphalt, 
442; of certain iron ores of Ken- 
tucky, 660; of Clinton ore, 584; of 
New Zealand iron ore, 742; of 
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muscovite, 379; of lead ores of On- 
tario, 684; of Cochise ores, 658; of 
eastern Quebec ore, 450; of Helen 
iron ore, 527; of Plomo ores, 144; 
of Terlingua ores, 277; of ores in 
southern Klondike, 382 

‘Orogenic movements, 113 

Oroya-Brownhill, 534 

Orthorhombic pyroxene of Sudbury, 


462 

Orthoclase, 68 

Osmotic action, 9 

Oxidation, 220; of vein material, 44; 
process of, 9; products of, 743 

‘Oxide of manganese, black, of quick- 
silver lodes, 279 

Oxidizing surface water, 37 

Oxychlorides, 280 

Otago, New Zealand, 737 


Paige, Sydney, 841 

Palache, Dr. Chas., 99; cited 421 

Parr, Prof. S. W., work of, in Illinois, 
4II 

Paragenesis, 18, 21, 25 

Paraguassu River, 134 

Parameters, variable, 103 

Parapara hydrous hematites, 740 

Parsons, W. F. C., 518 

Paulina andesite, 640 

Paulina Hill, 631 

Pay shoot, definition of, 837 

Pearce mining camp, 651 

= bog, time factors in the growth 


Peis Island, chalcopyrite from 
Newfoundland, 13 

Pennsylvania coals, 28; coal system, 
789; under clays, 665 

Period of vertical faulting at Ter- 
lingua, Texas, 276 

Peters, cited, 67 

Petrography and geology of Blue 
Ridge region, 317; of copper ores 
of Virginia, 311; of opaque min- 
erals, the, 706 

Petroleum of New Zealand, 740 

Pfau and Pfau extension mines, 423 

Phalen, W. C., rev:ew of The Copper 
Deposits of Missouri, by H. F. 
Bain, 588; Origin and Occurrence 
of Certain Iron Ores of Northeast 
Kentucky, 660 

Phelps-Dodge & Co., 629 

Phosphoric acid in Kentucky iron 
ores, 672 

Pilbara District, 530 

Pilares Mountain, 631; ore body, 639 

Pinal schist, 422 


INDEX 





Pirsson, Prof. L. V., cited, 115 

Phase Rule and Conceptions of Ig- 
neous Magmas—Their Bearing on 
Ore-Deposition, by Thomas Thorn- 
ton Read, 101; applied to igneous 
magmas, 104; to determine stable 
and unstable equilibrium, 108 

Phenomena of pitching shoots of ore, 


129 
Philips, Wm. Battle, article by, on 
Quicksilver Deposits of Texas, 155; 
work of, 100; referred to, 265 
Photography of polished surfaces of 
metals in the study of ore deposits, 


765 

Placer fields of Yukon basin and 
Seward Peninsula, 350 

Placer gold at Yaktag, Alaska, 344; 
in metamorphic rocks of Alaska, 


34 

Platinum in New Zealand, 749 

Plomo, 143 

Playfair, cited, 4 

Pollution of underground waters, 
561. 567 

Polishing and grinding of opaque 
minerals, 753 

Poole, Dr. H. S., work of, 98 

Porosity. influence of, in changing 
vegetable matter to coal, 33 

Porphyries, chalcocite in, 20 

Porphyritic igneous rocks, absorptive 
power of, in connection with un- 
derground circulation, 228 

Position of teacher of applied sci- 
ence, 246 

Pottsville and Allegheny formations 
of iron ores, 660 

Pottsville group-coal, 789-790 

Pounamu of New Zealand, 750 

Powders for grinding and polishing 
opaque minerals, 755 

Praktische geologie, synonym, I 

Precious metals, or of, in 
rocks in general, 2 

Preliminary steps in pdpilogic prob- 
lems, 558 

Presidio Mining Co., Shafter, Texas, 
160 

Pressure and temperature, increase 
of, with depth in mines, 43: effect 
of, on deposition of ores, 46 

Pressure favorable to precipitation 
in solidifying magmas, 36 

Prindle, L. M., 352, 841 

Principles of occurrence of under- 
ground waters, 561 

Probable mineral composition of ores 
from Kalgoorlie, 538 








856 INDEX 


Problem of the Metalliferous Veins, 
by James F. Kemp, 207 

Process of metamorphism dependent 
on local conditions, 27 

Production of copper in United 
States, 334; of cuprite, 23; of gold, 
164; of gold and silver in United 
States, 335; of iron in different dis- 
tricts in United States to close of 
1904, 333; of lead in United States, 
334; of precious stones in 1904; in 
1905, 707; of zinc in United States, 


334 

Products of oxidation of copper sul- 
phides, 23 

Progress of investigations of mineral 
resources of Alaska in 1904, 341 

Progress quartz mine, New Zealand, 
744 

Pseudomorphs of malachite after 
cuprite, 23 

Publications of U. S. Geological 
Survey, 

Purington, Chester Wells, Ore-Hori- 
zons in the Veins of the San Juan 
Mountains, Colorado, 129; discus- 
sion, Do the Geological Relations 
of Ore Deposits Justify the Reten- 
tion of the Law of the Apex? 572 

Purdy, Ross C., work of, 412 

Pyrite as a precipitant for copper, 68; 
auriferous pyrite of Plomo,: Colo., 
152; in Sudbury, sulphides, 545; in 
the ores of Nacozari, Mexico, 634 

Pyrite from Cornwall, by J. C. Booth, 
14 

Pyrrhotite in Sudbury ores, 545, 546 


Quartz, chalcedonic, in Terlingua 
quicksilver deposits, 279; in Naco- 
zari ores, 634; in veins of Cochise 
mining district, 656 

Quartz-feldspar rock in Klondike 
mining district, Nevada, 372 

Quartz- hypersthene- gabbro in Sud- 
bury ore deposits, 461 

Quartz-mines of Ballarat, 41; in the 
Sierra Nevada, 41; at Grass Val- 
ley, 41; at the mother lode, 42 

Quartz mining in New Zealand, 745 

Quartz-muscovite-feldspar rock, 372 

Quartz-rock, 374 

Quartz veins in New Zealand, 744 

Questions of saturation, 565 

Quicksilver deposits, 155-156 

Quicksilver Deposits of Brewster 
County, Texas, bv Wm. Battle 
Philips, 155 


Quicksilver deposits of Terlingua, 
265; erosion and its effects on, 159 

Quaternary deposits of Alaska, 353 

Railway corporations, employment of 
geologists by, 3 


Rain-fall, 220 

Rammelsberg type, 37 

Rampart region of Alaska, 355 

Rand, the, 46 

Ransome, Frederic Leslie, cited, 1, 
14, 25 

Ransome, F. L., review, Mount Lyell 
Mining Field, Tasmania, by J. W 
Gregory, 88; Rocks of Cape Col- 
ville, Aukland, New Zealand, by 
Prof. W. J. Sollas, 90; California 
State Mining Bureau, 94; Die gold- 
fiihrenden Erzvorkommen_ der 
Murchison Range im nordéstlichen 
Transvaal, 94; Records of the 
Geological Survery of New South 
Wales, 94; review of Records of 
the Geological Survey of India, 
183, 247, 415, 422, 518; The Copper 
Deposits of Missouri, 588; Records 
of the Geological Survey, review, 
616; review of British Guiana, 706, 
727, 734; The Directions of Move- 
ment and the Nomenclature of 
Faults, 777, 832 

Rate of underflow, 567 

Ratio of copper to nickel in Sudbury 
ores, 470; of copper to nickel in 
the Crean Hill mine vein, 470 

Raymond, R. W., What is a Fissure- 
vein? 172 

Read, Thomas Thornton, 18; Phase 
Rule and Conceptions of Igneous 
Magmas—Their Bearing on Ore- 
Deposition, Io1 

Reaction for azurite, 24 

Reaction of calcium bicarbonate and 
malachite, 24 

Reactions, thermodynamic, 16 

Recent Literature on Economic Geol- 
ogy, 95, 196, 300, 405, 509, 618, 726, 
819 

Recent publications on Yukon and 
Alaska Territory, 340 

Record of Geological Information, A, 
795 

Records of the Geological Survey of 
India, by T. H. Holland, 183 

Records of the Geological Survey of 
India, 616 

Records of the Geological Survey of 
New South Wales, by John B. 





Re 
Re 
<r 


Ree 


Rept 
Resi 
Resu 
on 
Résu 
738 
tig 
for 
coz 
Reve 
Revi 
Ex 
Cir 
Sar 
Un 
H 
Iro 
Bri 
cull 








d- 


ury 

in 
ire- 
lase 


OUS 
)re- 


and 


xeol- 
726, 
and 


n, A, 
ey of 


ey of 








INDEX 857 


Jagnet, Geo. W. Card and L. E. 
ee review, by F, L. Ransome, 


Red wall limestone, 420 

Reducing agents, 20 

Reduction necessary to formation of 
cuprite, 23 

Reduction of native copper, 25 

Reefs in schists and slates in South 
Island, New Zealand, gold, 744 

Reefton quartz, New Zealand, 744 

Regular formation, 122 

Reid, John A., Sketch of the Geology 
and Ore Deposits of the Cherry 
Creek District, Arizona, 417 

Relation between lava flow and cin- 
nabar, 161; of argentite to native 
silver, 774; of asphalt veins to the 
enclosing strata, 440; of chemical 
and physical properties of asphalt 
veins, 442; of calcite and native 
silver, 774; of calcite to argentite, 
773; of melaconite and cuprite, 22; 
of rock types in southern Klon- 
dike district, 379; of smaltite and 
native silver, 773; of smaltite to 
niccolite and of smaltite and nic- 
colite to calcite, 768; of southern 
Klondike districts to other districts, 


381 

Relations of igneous flows to cinna- 
bar, 157 

Relative importance of transportation 
and deposition of iron compounds 
and the leaching of silica in con- 
centration of ore, 63 

Replacement, definition of, 839 

Report on the Coals of Maryland, 
bv Wm. B. Clark, reviewed by M. 
R. Campbell, 502 

Republic mine, 652 

Residual rock of Sudbury Ores, 471 

Results of action of powdered solid 
on cupric sulphate solution, 69 

Résumé of New Zealand stratigraphy, 
738; of Mesozoic and Tertiary stra- 
tigraphy of Alaska, 357; of trans- 
formation of vegetable matter into 
coal, 33 

Reverse or overthrust fault, 777 

Reviews: Asbestos, Its Occurrence, 
Exploitation and Uses—by F. 
Cirkel, by H. Ries, 298; Black 
Sands of the Placer Mines of the 
United States—by D. T. Day, by 

H. Ries, 194; Boston Township 

Iron Range, by C. K. Leith, 719; 

British Guiana—Science and Agri- 

culture Department—Report on the 





Petrography of the Cayuni and 
Mazaruni Districts and of the 
Rocks of Omai, Essequibo River— 
by J. H. Harrison, by F. L. Ran- 
some, 706; California Mines and 
Minerals—by Chas. G. Yale, by W. 
S. Bayley, 707; California State 
Mining Bureau, 94; Cement Ma- 
terials and Industry of the United 
States, 83; Copper Deposits of the 
Clifton-Morenci District, Arizona 
—by F. L. Ransome, 612; Copper 
Deposits of Missouri—by H. Fos- 
ter Bain and E. O. Ulrich, by F. 
L. Ransome, 588; Die Erglager- 
statten, 83; Die goldfiihrended 
Erzvorkommen der Murchison 
Range im nordostlichen, Trans- 
vaal, 94; Economic Geology of the 
Bingham Mining District, Utah— 
by John M. Boutwell, Arthur 
Keith and S. F. Emmons, by J. 
D. Irving, 184; Economic Geology 
of the United States, by G. O. 
Smith, 719; Gems, Jeweler’s Ma- 
terials and Ornamental Stones of 
California—by Geo. F. Kunz, 706; 
Geological Map of Illinois, by J. 
D. Irving, 811; Geol ogical Sur- 
vey of Queensland—by B. Dunstan, 
by H. Ries, 183; Geology of South 
Africa—by F. H. Hatch, by J. D. 
Irving, 175; Geology of the Ton- 
opah Mining District—by J. E. 
Spurr, by W. Lindgren, 711; In- 
dian Department of Geology and 
Natural Resources—by W. S. 
Blatchley, by H. Ries, 195; Iron 
Ranges “of Michipicoten West—by 
J. M. Bell, by C. K. Leith, 403; 
Loon Lake Iron-Bearing District — 
by W. N. Smith, by C. K. Leith, 
401; Mining and Quarry Industry 
in New York State—by D. H. New- 
land, by H. Ries, 184; Mount Lyell 
Mining Field, Tasmania, 83; Non- 
Metallic Minerals, Their Occur- 
rence and Uses—by Geo P. Merrill, 
by H. Ries, 182; Records of Geo- 
logical Survey of India—by T. H. 
Holland, by F. L. Ransome, 183, 
616; Report on the Coals of Mary- 
land, 502; Report on the Operation 
of the Coal Testing Plant of the 
United States Geological Survey 
at the Louisiana Purchase Exposi- 
tion, St. Louis, Mo., 589; The 
Clays and Clay Industry of Con- 
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necticut—by G. F. Laughlin, by H. 
Ries, 300; The Geology of the 
Granby Area, by C. K. Leith, 811; 
The Lead and Zinc Mines of Mon- 
teponi, 83; The Nature of Ore De- 
posits—by Dr. R. Beck, by Frank 
D. Adams, 393; The Origin of 
Clinton Red Fossil-Ore in Look- 
out Mountain, Alabama—by Wm. 
M. Bowron, by W. C. Phalen, 584; 
The Production of Precious Stones 
in 1904—in 1905—by Geo. F. 
Kunz, 706; The Rocks of Cape Col- 
ville Peninsula, Auckland, New 
Zealand, 83; Tin Deposits of the 
World, 500; Underground Water 
Literature Published in the United 
States in 1905, by H. F. Bain, 725; 
Underground Waters of Salt River 
Valley, Arizona, by C. W. Brown, 
715; Vadose and Juvenile Springs 
—by W. Lindgren, 602; Cobalt- 
Nickel Arsenides and Silver—by 
Willet G. Miller, by C. K. Leith, 





295 

“Rib,” definition of a, 122 

“Ribbed ground,” 121 

Richland ground, 126 

Richards, 645 

Richard, T. A., 841 

Ries, Heinrich, review, of Cement 
Materials and Industry of the 
United States, 91; of Non-Metallic 
Minerals, Their Occurrence and 
Uses, 182; of Geological Survey of 
Queensland, 183; of The Mining 
and Quarry Industry of New York 
State, 184; of Black Sands of the 
Placer Mines of the United States, 
194; of Indiana Department of 
Geology and Natural Resources, 
195; of Asbestos, Its Occurrence, 
Exploitation and Uses, 298; of The 
Clays and Clay Industry of Con- 
necticut, 298 

Rito Seco, 143 

Rio Pardo, 141 

Rio Tinto type, 37 

Rio Verde, 420 

Robertson, William F., cited, 121; 
Do the Geological Relations of Ore 
Deposits Justify the Retention of 
the Law of the Apex? 8o1 

Rock, igneous, 105, 276 

Rocks, folding of, 28 

Rocks of Brewster County, 156; of 
Cape Colville, Auckland, New Zea- 


land, by Prof. W. J. Sollas, review 
by F. L. Ransome, 90; of Cherry 
Creek District, 421; of Helen Iron 
Mine, 524; original, 48; porphyritic 
igneous, 228 

Rocky Mountain region, coal, 28 

Rogers, H. D., 661 

Rolfe, Prof. C. W., 411 

Roscoelite, 534 

Rose mine, 771 

Rule for determining number of com- 
ponents in a system, 105; the phase, 
102. 

Rutile, 534 

Rutherglen gold-bearing gravel, 36 

Russell, Mrs. Israel C., 841 

Russell, Prof. Israel C., 841 

Saddle reefs, 163 


Salient Features of the Economic Ge- 
ology of New Zealand, by James 
M. Bell, 735 

Salisbury, Prof. R. D., 411, 779 

Salobro, diamond region of, 141 

Sand Creek, lignite from, 675 

Sanford, Samuel, professional work 
of, 733; review by, on the fuel test- 
ing work of the United States Ge- 
ological Survey, 602 

Sanitary engineers, value of geology 
to, 253 

San Juan Mountains, ore horizons in 
the veins of, 129 

Sangre de Cristo Mountains, gold de- 
posits in, 143 

Sargent, R. H., lectures by, 520 

Saturation question, 565 

Sayer’s Lake, 522 

Sayles, Robt. W., donation by, 519 

Science, applied, defined, 245 

Scientific notes and news, 97, 203, 306, 
411, 514, 625, 733, 827 

Scope of Applied Geology, and Its 
Place in the Technical School, 243 

Schist in Cherry Creek District, 422 

Schists, foliated, 534 

Schmidt, Adolph, cited, 119 

Secondary enrichment, of ore-bodies 
in general, 7; in ore deposits of 
copper, I1; in Virginia copper ores, 
329; in veins of Cherry Creek, Ari- 
zona, 430; in ores of eastern Que- 
bec, 452 

Section, geologic, of Cornfield Bar, 
opp. 126; of gold deposits of Plomo, 
146, 151; of California Hill, Ter- 
lingua, 273; across Verde Valley, 
Arizona, 421; of veins in Cherry 
Creek, Arizona, 426; of ore at 
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Cherry Creek, Arizona, 431; of Los 
Pilares ridge, 631; of Cochise min- 
ing district, 651; of fire-clay in 
Kentucky, 668 

Sedi-genetic and igneo-genetic ores, 


331 . 
Sedi-genetic defined, 238 
Sedimentation and erosion as a means 
of concentration of ores, 336 
Segregated vein, definition of, 838 
Segregation of copper and nickel in 
Sudbury ores, 471; of molecules, 


113 

Seidel and Foerster, cited, 644 

Sepulchre Mountain, 116 

Sericite, 534 

Series, eutectiferous, of isomorphous 
mixtures, 108 

Serra das Lavras, diamondiferous 
zone of, 136 

Shag Point coal, 739 

Shale, Del Rio, 270 

Shaler, N. S., 627 

Shaller, Dr. W. T., examination of 
crystals by, 165 

Shattuck, Dr. George B., 840 

Shear zone, definition of, 836 

Sheeting or sheeted zone, definition 
of, 836 

Shepherd, E. S., discussion by, 288 

Siderite, 534 

Silica in Kentucky iron ores, 672 

Siebenthal, C. E., Structural Feat- 
ures of the Joplin District, 119 

Silver, production of, 211, 335, 548; 
solution and deposition of by hot 
ascending solutions, 649; from 
sinter at Whakarewarewa, New 
Zealand, 748; in quartz veins of 
Teremokau, New Zealand, 749; 
of Temiskaming, Ontario, 767, 768; 
relation of, to other minerals in 
cobalt district, Ontario, 773, 774, 
775, 776 

Silver City, 166 

Siderite with cupric sulphate in ex- 
periments on the solution and pre- 
cipitation of copper, 648 

Similarity of ferruginous limestones 
of New Zealand to iron ore bodies 
of the Lake Superior region in 
America, 741 

Similarity of oils and asphalts, 443; 
of structure in gold deposits of 
western Australia and eastern part 
of the United States, 540 

Simpson, E. S., 533 

Sinks in limestone as explanation of 

unconformity in zinc region, 120 





“Skarn” type of magnetite, 37 

Sketch map of New Zealand, 736 

Sketch of the Geology and Ore De- 
posits of the Cherry Creek District, 
Arizona, 417, discussion of, by W. 
Lindgren, 698 

Sketch of the geology and ore deposits 
of the Cochise mining district, Co- 
chise County, Arizona, 651 

Smaltite, relation of, to other miner- 
als in ‘cobalt, Ontario, district, 768- 
776; structure of, 769 

Smelting, copper, 16 

Smith, F. M., 627 

Smith, G. O., 21, 725, 734 

Smith, Geo. R., 517 

Smith, Warren D., 581 

Smith, Dr. W. S. Tangier, 122 

Smut-ore, 330 

smyth,. Dr. C. H., Jr.,:o8 

Society of Geohydrologists, 307 

Sodium chloride in thermal waters, 


695 

Sollas, Prof. W. J., Rocks of Cape 
Colville, Auckland, New Zealand, 
90 

Sons of Gwalia, 531 

Solution and deposition of copper, 
644; of gold by hot ascending solu- 
tions, 649; of silver by hot ascend- 
ing solutions, 649 

Source of mineralization, 566 

Sources of solution of ores, 331; of 
underground waters, 564 

South Africa, Rand district, 576 

Southern Klondike Camp, 369 

Southern Klondike District, Esmer- 
elda County, Nevada—A Study in 
Metalliferous Quartz Veins of 
Magmatic Origin, 369 

South Island, New Zealand, gold of, 


743 

Southland, New Zealand, 737 

Southwest Virginia region (copper), 
323 

Spencer, A. C., 99, 285, 286, 342 

Spencer, L. J., 535 

Springs, hot, 22 

Spurr, J. E., 8, 50, 98, 205, 360, 510, 
734, 780; discussion by, on fissure- 
veins, 285 

“Spurs” or “makes,” 163 

Steamboat Spring, 8 

Steel as a factor in industrial su- 
premacy, 261 

Sterling, James, 98 

Stetefeldtite, 375 

Stewart, John L., Ore-Deposits and 

Industrial Supremacy, 257 
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St. George’s mine, 655 

Stobie mine, 553 

Stock, chimney, definition of, 837 

Stokes, H. N., 9, 644 

Stratigraphy of New Zealand, 738 

Stringer lode, definition of, 837 

Structural Features of the Joplin Dis- 
trict, by C. E. Siebenthal, 119 

Structural Relations of the Wisconsin 
Zinc and Lead Deposits, by U. S 
Grant, 233 

Structural Relations of the Wisconsin 
Zinc and Lead Deposits, by A. 
Purdue, 391 

Structure of Cherry Creek district, 
425; of the smaltite, 768 
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